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ABSTRACT 

SIR Is a computer system, progranmed In the LISP language, which 
accepts Information and answers questions expressed in a restricted 
form of English. This system demonstrates iriiat can reasonably be called 
an ability to "understand" semantic information. SIR's semantic and 
deductive ability Is based on the construction of an Internal model, 
which uses word associations and property lists, for the relational 
Information normally conveyed In conversational statements. 

A format->raatchlng procedure extracts senantlc cot^ent from English 
sentences. If an Input sentence is declarative, the systm adds 
appropriate Information to the model. If an Input sentence is a 
question, the system searches the model until it either finds the 
answer or determines why it cannot find the answer. In all cases SIR 
reports its conclusions. The systera has sose capacity to recognise 
exceptions to general rules, resolve certain seuntic ambiguities, and 
modify its model structure in order to save coo^uter maaory space. 

Judging from its conversational ability, SIR is aore "intelligent" 
than any other existing question- answer lag system. The author describes 
how this ability was developed and how the basic features of SIR com- 
pare with those of other systons. 

The working system, SIR, is a first step toward intelligent man- 
machine cooDunication. The author proposes a next step by describing 
how to construct a more general system ^ich is less complex and yet 
more powerful than SIR. This proposed system contains a generalized 
version of the SIR model, a formal logical system called SIRl, and a 
conqputer program for testing the truth of SIRl statoments with respect 
to the generalized model \iy using partial proof procedures in the 
predicate calculus. The thesis also describes the formal properties 
of SIRl and how they relate to the logical structure of SIR. 
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Chapter I: Int,jr,94P?tioij . „. 

A. The Problem. 

This report discusses,.the prQtii^j,.,p£,4ev#3.oplJEig *,. computer* which 
"understands." The method of staai^'ltfWJ'l^fe<rtfHe construction of a 
computer system having certain, cpgftiyrye «)>i4.i.t-ies and exhibiting 
some human-like conversational Beha^vldtf.' ' '"'-"• «» 

This computer system is called "SIR" -- Sen^jv^iQ: Information 
Retriever. The conversation pre^etttett ttt'Figv 1 betWefen a person 

,->,■■■-.■-■'*■.-■■-■ ^ ■ -^ -i 1 *« . 

(identified by "***.") and SIR illustrates some of the system's 
capabilities. Although it is capable of "understanding" statements 
dealing with set relations, part-whole relations, ownership, and 
certain spatial Relations, Slk fiias'iM Initial llui^'fia associations 
for nouns like "John," "bo;^,^ an| **table^' ' "^"^ 

"Understanding" is difficiilt to-defiae f»reai«ely.. The present 
study makes the following specific assumptions and observations: 
i) "Understanding" can be demonstrated by diala^sei'iwhich requires 
the participants to indicate an awareness of the meaning of their 
subject matter. Therefore a computer should be considered able to 
"understand" if it can converse intelligently, viJe^i^iE it can remem- 
ber what it is told, answer questions' api ma which a 
human observer considers reasonable. 

* — The term "computer" refers to the combination of digital computer 
hardware and operating computer program. 



(•••. tVER» BOY IS A PtRSONI 
II UNDERS(ANO) 

('•'. A FINGER IS PARI OF A HAND! 

II UNDERSTAND) 

!••». EACH PERSON HAS TMQ HANDS! 

ITHE ABUVE SENTENCE IS ANBIGUUUS •• PLEASE RE-PHRASE ITI 

l»»«. THERE ARE TWO HANDS ON EACH PERSON) 
II UNDERSTAND) 

l«««. HOH MANY FINGERS DOES JOHN HAVE S) 

UHfc ABOVE SENTENCE IS ANBIGUOUS .. BUT I ASSUHE IHAS) MEANS I HAS AS PARTS)) 
II DON'T KNUM UHETHER FINGER IS PARI OF JQHNI 

I"". JOHN IS A BOY) 
II UNDERSTAND) 

!•••. HOW MANY FINGERS DOES JOHN HAVE Q) 

lIHt ABOVE SENTENCE IS AMBIGUOUS •• BUT I ASSUME IMASI MEANS IHAS AS PARIS!) 
IIHUH MANY FINGER PER HAND Q I ! 

!•••. EVERY HAND HAS i FINGERS) 



IIHt ABUVE SENTENCE IS AMBIGUOUS •• BUT 1 ASSUME IHAS) MEANS IHAS AS PARTS)) 
II UNDERSTAND) 

!■••. HUM MANY FINGERS DOES JOHN HAVE Q! 

ITHE ABUVE SENTENCE IS AMBIGUOUS •• BUT I ASSUHE IHAS! MEANS IHAS AS PARTS)) 
IIHt ANSWER IS ID) 

!•••. HOW MANY AUTOMOBILES ODES JOHN HAVE Q) 

IIHE ABOVE SENTENCE IS AMBIGUOUS •• PLEASE RE-PHRASE IT) 

<"'. WHO IS PRESIDENT OF THE UNITED STATES Q) 

ISTATEMENI FORM NOT RECOGNIZED) 

l"«. THE BOY IS JUST TO THE LEFT OF THE TABLE! 

I(>02e<i0 IS A TABLE) 
II UNDERSTAND) 

l«»». THE LAMP IS JUST TO THE LEFT OF THE TABLE) 

IG02B'il IS A LAMP) 

IIHE ABOVE STATEMENT IS IMPOSSIBLE! 

I*». THE TABLE IS TO THE RIGHT UF THE CHAIR! 

IG02e<i2 IS A CHAIR) 
II UNDERSTAND) 

!••'. WHAT IS THE RELATIVE POSITION OF A PERSON S) 

ITHE LEFI-TU-RIGHI ORDER IS AS FOLLOWS! 
ICHAIU IBOY TABLE!! 



FIGURE 1: SAMPLE CONVERSATION 



L-„-SW--:an^-'i!^^.1-. 
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Mote; I am concerned here with the coi^uter*» iftt«mi(il-iln*6risa**oti 
repreaentation and retrieval tachniqiies. For this purpose I aaaume 

dUe^ibkr^t'^'^^^'it^ 'tititf -«»*l«^'^iibil'H«il1iV'^'lPI^ ^iio^^^i to 
be concerned uith speech recommit ion, asnaory raceptgrsi or other 
prohlams involving the phy»*^^'^CtS^'W=tlifHStMpbktfiS^^ 
mad aignala. 

il) In addition tp echok^ng, upon requeat, the facts it has been given, 

a machine lAich "understands" mist be able to recognize the logical 

impliCJitions of those facts. It also mist be able to identify (from 

a large data store) facts which are relevant to a particular question. 

iii) The most iaaportant prerequisite for the ability to "xmderstand" 

is a suitable internal representation, or model, for stored information. 

This model s^uld be structured so that information relevant for 

question-answering is easily accessible. Direct storage of English 

text is not suitable since the structure of m Bnglish statement gener- 

ally is oot a good repreaentatlon of the Bwaning of the statwaent. On 

the other hand, laodels lAlch are direct representations of certain 

kinds of relational Infopaation usually are unaulted for use with other 

relations. A general -purpose "understanding" machine should utilize a 

model which can represent semantic coi^tent for a wide variety of subject 

areas. 



1 '■■ t,:ih U '.■- 



SIR is a prototype of an "understanding" machine. It demonstrates 
how these conversational and deductive abilities can be obtained 
through uae of a suitable model. Later chapters will describe the 
model and the SIR program, how they were developed, Ijow they are used, 
and how they can be extended for future applications. 
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B. Where the Problem Arises. 

■^he^^ieed for computers which 'Umf^Jt^jt^nd." a^iseA+R se,v.ftra4, .Axe^, 
of Qpi^at^r ffes«arcl:>. Some examples fpl^^. , ' 



1) Information retrieval ; The high speeds and huge memory 
capacities of present computers could be of great aid in scanning 

scientific literature. Unfortunately, high-speed search is useless 

■.-.■.^.": ::,-'■ ::- ■'..; ■■-."■■■■: ■.. ■:-■.: .rf ,. : ■ ;\r :f•^'ii^K ijjs'i (^■yy-.'i,'. BJsb './^bI ..^ 
unless the searcher is capable of recognizing what is being searched 

for; and existing computer systems for Information retrieval use too 

crude techniques for specifying and identifying the objects of the 

search. 

Information retrieval systems generally provide either document 
retrieval or fact retrieval. Docimient retrieval programs usually 
depend upon a human pre-assignment of "descriptors" to the documents. 
A user of the system may know the list of descriptors but cannot know 
precisely what the descriptors meant to the cataloguer. It is difficult 
for the user to determine what the semantic interactions between the 
descriptors are and how these interactions help determine the content 
of the documents obtained. 

Fact retrieval systems usually require that the information to be 
retrieved first be placed in a rigid form designed for a particular 
subject area. This rigid representation for the data, and the corre- 
sponding rigid formulation of the retrieval requests, could be pro- 
duced automatically by a computer which "understands^' statements 
expressed in a form more natural to the human user. Further, if the 

computer could "understand" information expressed in some general 
manner, specialized formal representations would be unnecessary. 



^ ~i?^*TrTfJ''''T***4*<'5ffl»iii--~*' &*-'«aqaa--» J^>c£?--^^■*^■gBSil Wg i^la^ '^r^ -fe^ ^ i " - —• ^ ---ftr*-> - -^-^f*-.,^5j 



ir 

In order to %aF^ i' coinpueer ireifve ^ a '-tifire^i'^itii^iMn , it f is" 
not sufficient simply to store a large vofxme'oi iniSrvidtidii. Thi^ ' 

in respon8^'t'^''llexlWfe d^scrl^^ive'cbiaM^sr^ti^'t!^^ ' 

8hout^%e able to motfffy^^tli'the 'fnfo^rMtion'&'^sttfrage'arid the re-' 

and to Vequest cfafifyfh^ Infonnatldnl' ' The mo'at 'usefui'lrifofiMtion 
retrieval system will Be one whlclr can'^coitverse"^ wifn ita users, to 

translation of natural language have been disippofnt^'d? ^o atscdvef hw 

dif ^icui^-'thiif ^iis)^ 'iS: ' 'Hm ^otd^ii'4^i ^i^&iiiHioriB^ "ini^iiien 

word^td'-w.mi' ^t^fi^stat^s 'io^ei S,M"|^^^lfcltf ^i^^&'rUtifi^e' 
ment. m^<-^^-diieniin£'mirtikiis, -^t'^m^ei'^iSim^^'io^^ 
achl^vi^ ^Mok'trf^ataii^is J ' '^e' ^M'^^^le '^iaMg 'f ^^t^^r^sM^ ' 
coi^uter ^iiiti8tdt£ni'%Siems'tB^tM'Biiti€J ^^^v^'i^df^S^^'^d'''^ 
"t«£ier^tarict*' wliak' tKey'f^e^ £rt oni^iH^si^'aM Bei^'aiy m'^imm^-' 

logical "^etiuc^cms Tar^v^rqueStJ^ 

human conversational behavior, and therefore appears to nave some auch 
"under st:aturiti^*'aViiijty.' 'Me ii^ch«ii»^vl^£citiitp''i:t'€o'^nakerkia^' 
are^tiK^ly^toi^p a t^ 'iii "sciWltik '^ H^^a&^ail'iiMfiiUtip^M^. 

3) Genertl coagmter ajplicatlon» : During the past decade there 
has been tremendous growth in the anotmt of coa|>utet? utilization and 
in the variety of computer applications. However, before each new 
problem can be tackled by a cotq>uter someone must perform the arduous 



task of "prograiipiing^'Va solution, J^.e. t encoding the problem into a 
form acceptable to a computer. , 

Various "problem-oriented" comput^ij: ,lan^*S^.? ii^V^.b^en developed 
to ease this encodin^prob^em. Unfortunately, such "^ngu^ . 
useful only when programs ("compilers" or, "interpreters") are javftil- 
able to translate automatically from the problem-oriented language to 
the basic "order-code" of the con^u^er. At present ^.11 .such problem- 
oriented languages are very rigid. systems. This laeans that the problem 
doma^in must b^ one which lends itself to rigorous, cotrolete, fonnaL 
definition, £.^. , algebraic manipul^iqns, aqcquntj.!^ nroceduxe^,. or 
machine tool operations. 

Many interesting problems are not sufficiently, well defintjd or 
clearly understood to be expressed in any of the conventional com- 
puter programming languages,. Stilly people are able to describe 
these problems to each other and to assist each other in making the 
problems more precise ai^d in aoLving them. In order to utilize the 

- --'■ -' ' ■' ••■'-' C, .)...>' ^_„ jjii- - .i!,c-.' 1..-., . i>.->..^ 

high speed and large memory capacij^ties of coirouters t^ile .^ork^ing on,, 
such ill-defined problems, people need some, jji^sef;^ way to conmuiM-cate 
incomplete information to the computer; some way which will make the , 
computer "aware" of facts and enable it to "understand", the nature of 
the problems which are described to it. SIR is a .orotptype of a 
computer system which captures some meaj^ure of the "meaning" of the 
information presented to it, and can act upon its stored body of 
knowledge in an "intelligent" manner. 



■H- ,_(Man«>*®'g^ ■" -9= "^-w^ ' -i *«i«?«W'>^'4a'K>n -"'" ^ 



13 

The word "semantic" is used in the title of this paper for two 
£^«sdai: -rfsiratr^t'ha «<Stttt«l?-^i:n£oia«Mi¥ion;;'«taMWjtW -■ 

ie6*«d hby tteft ^ogifa* t# tiitwdedite *w«^**»*'^ ****^^*°8«i8tl-c ^' 
"semantic content" OBo«m«iining" ©fi 3tl|* faait«r)i»l . i-Second , tdie «omp«! 
ter rept>«ifint«el?€«l Jdf inforaiatiwi usfilduiffl fSl» OGhaj^tJaif III.B> isitr 
d4'e£vii^ ftomittiie t" iwimaat ie" modal »t5t!udtur«« fioinidrmalinjfctfeemat ieal 
l»g£€. «lrtfdr«atl^ti eatrtcval"^ refers to th«f*ettthat Che systens 
dt»d«ti«d operaei dit celld6fci«ft« of atatafflirats # eaicrlevitig facta in 
response to questions. Question-answering was choseA ttecauee it t» 
a sesatght -f orwdrd context tn which to s «xp(«EimaaCiTii»4jfeh the uBder- 
staftdtflg »irad «o«i»ufll;caeive iabiitCy of &• coaptttect-^ ai' i 

fhd^Sl6R-iy«t«iB«iuetH««s «eaute» iveA t^o i«a|orr:«eaaarchdarea«5 
the iCttdyj«f ttha ittiulitlJtcB of initmEAlalatigoagaKiaBd ftftievgttidybof J 

;,.;. :i;-Tj ■„ .v; -i.O ---:. ^.- :..:.:.-.v.:r fi ->..-- II iv. .:n v1 -..,1^. .,, ! ;r> 

prev««tt«Jiy; da««il!#pad co«^attar progtaiwiitg Cachai^eea' for gdlwing i 
various specific' questi«>n«an«wertng)proble«»«' si 

A. Saifcantica. ,-.•, -.,u;j,.;a:j-. ^ . -> - •...? l-". i>:- = ;^ i- ' 

•i Settaneicfl ia*geneially studied * from onai^f two vi^wpoinatsi 
piipe' and d«»criptiv«i* jPOjBeisamaaticai as studtedcfbynCardap (5>, 
d«at« «ieh ebe ^roparties of arttf Ictally «ons6«uofced foirmaiJ3 
8yittaiM('-(i*ich'*may o» may nttOt5«have attalogaes in the ;Eeal:^dEld>» 
wtthritaapece :to roiaa i6r ietttence ffocauitionoajid jdea^gnationof 
formal mode I • and teach vaimea.^ i thall raebe* be eondaraed ^fibh 



y 



14 
descriptive scaaant tea, an -Empirical aesSrclt £ax.3tMleS .gasdex^iM^ truth 
and meaningfulness of sentences in natural language. 

1) Semantijca and meaning :. When 4t»ca»8ing meaning » cme mii?,!(^lx 

encounters difficulttea in having to imm .nor^s wifc^ ,wfe|i©hi to ;dt»«\ia8 

tbe ai^ining of words, especially that "pf itiMia^oBd 'hneaning." ,:i 

Therefore bne fin4s it difficult to 4i8feiogai$hl»ets«i«ettJ0t>j©efc- u; 

IdBguage and me ta- Language » A common 4ev Ice ;t»;r*e define "«e«Bing" 

in a very specialized sense, or to deny; t^^ tit can keideStfted aluall. 

Quine, tongue in cheek, recognises this idiific^ulfey. iBi>the followirfigb 

paragraph: (33) j ' .; 

"One muaft reinember that an expcesAioa' s saeanlng r£4£ we ax^BtOe 
admit such things as meanings) is not to be confused with the object, 
if any, that the expression de8ignat!««iSeirtjeBet«ii*»onofcf4e(|ig0ftfeej>at 
all..., though words in them may; sentences are simply not singular 
terms. But aentences still bave aeilnlttgsp^if lwe;.4adHitiviu«[|ictl))t9gs as 
meanings); and the meaning of an eternal sentence is the object 
designated by the aingalar fcetm iound 'by ,b«»eiMJfofeBg the aente»ee. ; J 
That singular term will have a meaning in turn (if we are prodigal 
enough wibb meaniagf ) , but it will ;pte8WMbl;PcbeL»«|«f 6biOg vlwfeheiE* 
Under this approach the meaning (if such there be) of the non-eternal 
sentence 'The door is open' is r^ot a pBoposiCioaswp" jj " i; - • &uf < h 

Quine continues that the elusive meaning of "The door is open" is some 

complete intuitive set of circumstances surrounding a pactiottlar 

occasion on which the statement "The dooi; iiiopen'' was utlereil. Clearly 

this kind of concept does not lend itaelf^to^l^ompuleii usage. ..In^ae^er 

to construct a computer system Whicjh behawes: as lifi^ undecalnndf afefce 

meaning o£ a statement, one m^st find specifier wordai-anditelatiiongv 

which can be repreaeftted. within jthecoapatec^S »ei6ocy*jyet£wfeiiehfi80»e- 

how capture the significance o£ th£ stateiftastdtibtty &epr8$ettfc»' ■ sm ^ 



--2r--,-T3WSS^»^?»5?*^^-:i- »s<-^».? 
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•^'■'::-:Zlff ;<W7y'^» abtferijift^.titSM i8alBi^gv:eh*ieolBe^fetg...4*»ei«©l$fc»tt: =■-! 

d«atJ«ac«S> ««y Mha^« »tgatfi««Mliii9^bi« a«#tf nlMMi«li^ > M#w«V«i, h« #ttAtes 

>ucc«p*ne«; 1 ffctf* iztff fe^i^#ciiicKtfo««l«i«««ai»*df«etel»!«*<«* '^^ 
ance significance a useful' 4$i*i«K©i*av^teiW«%*^^»*^^ee««*n^l«»J»'** 

ainiillits tia©:«d««e'««B#i«t«if^4i8*iiii»i#«f% uiadtoi*^^^^'-^^"''-^- y''^.. -■ 
UllBiann eon«ida*t * .#fer<l'«» tlWOKlMlSlei© #^gilfi«fi®««i' «n$t? Wl«h> ' 

and the sense, which enables the one to colli ^€tt€3(^mii*tlJLV^"i(^Be" 
represented by the word. Note that meaning here relates .*b*^%f6«Ff- 
■■■ "thw^^ j«b<»«p i<9bd*c*" ** ««» "wsiuw ** i*i*If^' c<Wiptf»tf»i f d«*ia.ldktf%lon. 



.r>I:JB.dji[a> ^:;c; -I 
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In either case, i» febe SIR ay8fe«wi>3i MPgflsiytfee „tH« «eap3Utjgiflif vthe 
vow* iy buiWi^ag vip,, i^ the 5COiBp»6ersc;« 4eac y ^6 fayft tnoS vthie v^h.] eete or 
clasa, Thi« 4escr|prti#Bi itBelg<icp»i»«»fte4tQi.?«r4»jt!$res!e^ft» f^eopie?- 
ties of the >4«aeeribed tetttity <tfid oiiaBsea iofeher ^^ j e^t ■ j »g<l aetaaee a am 
which ti»at entity ;i8 rel*te4^;a Ifee meaatai Jft£ tAii autetf<>iani^ he«» ! tinea 
be rfij>reseate4 jin « »afeur*l wayoby |Mtc%i«uia« letittdjes tn tbe/idescrtp- 
tioaa of theobjeetg^neaied ii;i, feheu»tt}«f*nQ6¥-3 ; b a; 

Walpole (fS;) ihfttJits out »^iistl%»l,yjfeliirfe «s^W^i^rJi«y;fee idef laiied Ci^ji* > 
the meaufaaa i^f va w«r4 jaay be e»platne4> by >«my iH^4=>8)rlaa8«oftefeijQai' 
<forrae(?tioa» ,or,cli««aetertetie, *n4 tfeHMfce If^t^ Qf * WQr4 -a^ . 
usually described y^er^ftiiXi; 'Ehttft,f»«teaf«a|«««%i«*iahe p«r* otfeithje 
cofl^vAerf* de8fi«4pik|U»gi of chetnord; beto»j4fcefto«4*L . 

V'Wor4»;;<te lot l.^*eHfa».,ww!l*tie» $»«* ilnyi awige fJiy^qBik; ttrihey «sfe€r 
into all kinds of groupings held together by a complex, unstable and 
highly ai»b>j«j9t4\ii;hjQe^«f9sk.4^>«««<i^^ ium m ri ^lt iHam 'imt'm<m.:tim 

names and the senses, associations based on elmllarity or some other 
xMiM. ^on. ^ ; :M: -Am bpr. i ^hiel;r; mfMeqfyixMm^ Mnviee ^aAs^k^fel^^e, icdtp^teiyaEm's 
make themselves felt;.... The sum total of these associative networks 

SIR wsea a» ap^i^xlaaation tis Uh^m^ M9M0iii^0tiii^m> rmtmarMka ^m its .baeic 

dat#, store.'* ji.,-^ .: j.jii .;.;.:.'■ 

Walpoleal^o note^ that aome iv«s^ jreiatitm^hij^^i avKb-fts part, to 

whol:e , oflT clase; to subclass, deteMip^e pjwrtifeal o]sdel?iLixgft.cof large jclasses 

o^f nouns and tJi«s,,<?Bn be reprr^t^rtCwii ^ treei strb«»tur«^« -Thia fact 

leads tjj^certaiti >aearch procedureis, jMfelichfftre lumefuJ. sLa, our computer 

sjratem* Ho\M(yeJE>»f the clajst. of abttra«t i»Mn8>iy'f4iftfei(w»ar)t»;i^^ do 

not nmm::mw flfej«:t in aay specif ie,sieiii8»b«^es?i«w:e*i dq ootL lerui, them- 

selvee tQiSuoh «r!i»ariqg, ajtdhe^oe aJC«;xt)iiAtfc*tf trotR early ;T««««ion«v«f 
computer representations for semantic information. 



'",T-~^a!^ j^fi,S>^J^j$|lggi.-,jj«l^-^.^»*a^-4,-^^ TSi,.„w^.A -V-^ ■.<rr=~;-'^- .-■-:;.. 
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iiesX- ■whil>« jigBwiaig .4lli» igiHWpuB: n4»3oartHw>adi# tw^idig^'i^' mcmi^er p^ ^-^ •* '-"■' ■' ^ -: 
advftnt«ge ha£vwivUc«wter Ji^«€ttt laifi>rat«i«W'^» •:mv0instiiim in »^a< ^aoi^tfdl-^" J 

method:- if]M:;iQdUdi^tniagr.8«iiaR«;^iq.K i>^W^»§ea^- imu^^a^'xi-dm-- i^~' 

aider the 'W«ttH3e a£tgiSMiiKH?^i£is«; i^j^;:! y^.' M En-: -jw ^-^ r-^d-, v;oi:i .jj)-/-" 

strlng*ax€;iiriLp*M*obifcj dmrijciaiia a^ ?I^B»e*««jHJ«»»'lcof£*hfi? i«%Uiig« tfti*'^! d' 

ewpirical fwaj«u»*»-i 84jie»-<i±wp*tttaL«w«0;-4attC.--«f %k^t:bkx: ■^nentkuma^^i^'i^'^-"'" 

graaBStlcaKl'-'«r)inB«: -iaB^a>4aIcf4& iMUClwKi^iiiMtiaa^ "l2MlVitti««al^ 'll«l^^t««'^''-■'.d 
£unctions of words in sentences (their "parts of speecMS)- t*itP*i^ '<^ ="' 
their meanings in aw sense, Oiomsky (9) develops various kinds of 
EagliafeCfsaamrsstiii fkm^:'9timKitvk^ im:^ mMmstiMi^mmsmiiS^jmSLk fbr 
a small part •fotteaiUn^oiB^.shuj.i t*s!f^ci^Be^(a^4«^a*^u*t#f8 ^■■■^ :^u^^a 

TraB8f<ME»atiai»ati«i»wiyWMrd sch«iie<|oa»»3»»»te|»ty ||««?^fcAt4,'''fcot3»tea«oi«pl4*3^-^ 

cated aiidiAtfiiittt4fcKtiK;CWiplM«n<Wrnt«Wt.;Bm/ol ^ib 1:> airoa :.iT!:rn::.>s w^.. au 

meaning, the boundary betweeaig^tafclwafiyqfWd? gi>«pBld.o» nUB hafc^euJ fterirgij; 
examplfci «wte;(isJ«8»»i«t« «i«*^(^ «» {»Wwi4eaWi'a*«»Jni»m8'V..X6*«'i ,anO 
"water" >-iA8L.a.HS«i*rirt« (^r>mffiMt»gto"t,p»»p;*^'ini^<»ByJ do-watbtsakipfi-tteti.an-ti i 
article ... b<asW*verMi#JWfi di*t^m*i«lte biBftWP«R,,?J wnftf) m(B*li'- r *«*-,^'*b wBSforieri 
a.ate*|p?SiMiSP%|:p;^#iWic,«y^ # #«P»d^J#lo**'fn39a n..,.i3n3 jl ri,isn ic= lis, 
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M££ deJlneiS msiKlli^fiiblaess; In ifeermsiOf gj^Afe fey o£ £g, B<w pB|t!ital.v 
structure. WcMfds vihi<iii «BW rtejcefsasari^^at^i *iTpw5^i©idl»j^i^^ 
figu^ftteoon,^! aucfo a* £re4|uest£^ actourasaticfeiLffif- 'Ttop¥Ki^M«3»ft j'tti^ei/'Miandi.in:^^ 
tha 14ifc«s are sai<i tq itsiM«. jki laeaain^r sfim tlf« ja^Aerr IwwitfcjlwMards ; c w v^ i 
which cojuld. be rteplaced) fcyjii. liSfiJ^S rnHntjee- atf alAj^matel!«eS!wtt:a*l3ivtat3 8 u. . 
g Iven. ,zn«M»ti;m^a^)j contest: are :3consi4ec«£ v^eji a^sinisi^jXX ) Sdimiioa» i a 1 1 
(38) aakes^j:ha,« diaftnoJtSion bgtwgett " ifeMxattfaoro jaaiate aaiBfe AaataCeht; -Mobrd-a- r: i ;.c: 
even more sharp, as we shall see later (ParagEi^feuaE^^^x. slfihagkre " 1 ;^i; 
used these ideas ta thei extsnt fehat ;«sil^^iMaQ»is ^wKtehe tAi» ritee»iio€r 
objects ar,;C,la«siea-,i Dtt<of'^rop»ei?t,iiib --oM-: ofajjiacfcfl-. .•ofcj ciialsBisBv^iaq>ptetaE'.;u'jn:i.-; 
in the interr^ l?ep}Jettelit|«: ton; used: dn 8i»a* .jfhe i#i3Bgtw9i:tly.-4M5cu«Jin^ iw 
"meaningji«««"t »orcte tisfiZAif are «stBdjjw» aallicMtti)r«>i©£s rffltattrJpens JfiaijiqKai 
betwefea ojthfa: ;?'»«B«lttJr«fejl" wc»rd« -|^p««tels^ d»iitAe>»aBiB *wftt8ncte:i-ifcmpm-is 
4See Secti©ni;IV.:,]©,i-,..; .-;: ;:., ;-.:.:,- / -.ij V g :r.n5Jnoa nl gi.iDw 20 Hfio.r;''ny. 



n: 3,%nj,ni^;:j.: 



3').; g^yawl3^ nfcaaMgdi^ SuT,I3ae.i«teii.i|jMtto ha«!eoTTfico4er<«- 

stand and remeo*«r,,*kiSfcittfeafilB«^,^,tdsa*u iJu;ds, t^^Ufenthesnifoi* It^ 

need$r;<80iBe.: precipe, iM^fMti. rfi4^#iS*#tataoaaffaaf3th<aWKiaa^nijgaj.:j.Gi,et': ;■ 
us now examine some of the formal le^rewintatl^psioiJwyuilngliiiiibJvt, : 
have been.jiiroposed* and^^ee: Mfeiacte^j^ ireaii^iiJagm^ xepi3(B»s|itat|(iOH*' i , 

might; Jtfe usfti&il in a. ciMnpiil»r*.;r»prBiM3ntaEfc4a>ni;>owjw,3 v,zLru,jd urf:i .^^ru 
One, w9iy to Nd€«l witfc thej ^xfasrWaem ©ffc s#(»n£dJb:s i»;-t«|j«wbialKit bylq 
translatlr^, ordinary liaa^^e. ±ntpjmi^okm»ajmymtxm *iWa:to«sovd.d54>e< ' 
handl%#^syntycticallyi (1>» ttus f*tH -' a»tfei^%3%^> J^fcfaailjr'-^i^^de ^ - 
all of natural English seem t« iitt¥imttft % *fcfe*-'ij^'^dtftll*<Fmtiitl*«iP 
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fit, 
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which obBourtea Cl» r*kal^pEObl«Bii;foi3 tlt« ;pi»blt««^'^f »«p«se»*ntiitg iM«ft«' 
Ing must beiJel^«d in order to devel^pvmifc»«dv4ij«aBl*t*€»J^«^«^ A« 
firtt view E«eiJd«»iJ*«L*g WNCO»P»^« ■«?••««* lili« '«<*<>*«•* ^«5*t As fi6r 
describing jltt*aaB*eh«vii>r^ Actually tK# HII«it oj^tce* '^a«i€' piictic«l 
since ife -satiswaes'-^iter -g«wa«)Br5^:'«>i;l.-t*i4l«t' ftf# si«AMSe4v*-««fe*<*ft**^>f •'*»*1»» ' ■"- 
and situ«tixjtt«;idrir.^i« paott ::i«B.it^e<aceictei>»SMr .«teia-=4»"'e3^piSict^*<i'-tt€ '^^M--^^-i ' -■•■■ • -■ 
usual langul^ge je:uidtent-.tt..-j i'.; ^,ij:.n<x:i j i.Uq ■- ^ , .is-ife- :-■■ 'i^-^' --'"/ 

Another jiW>!K>acte/ used ,EfiQr/«M^^ t^rf&^te ^W^ i ±* mmtsctn^i^- ^-^ ^ 
the nuiBbejE.iJflsid <iMtoa*iafi c«t»eiwa.tife ia-^fWe .^iwail'iflfl^**^'***^''***!^^^^ ^- ' " ''■— 
systems unti4*Urhe jwonraJatc, ^»l^w*i«#»Mr<ltot^^ 

will evK£nin|tiMy^<olxt»in^Jt:h«J. slane t^Mlaatse' i^tim^^ktSeit'Ag§*ki^kibv^'-'sM'-''' '' 
as can be a^^idSbAdbsAyaaiJ^ adxipMap^G^^ •"'-'^^ vUneu 

directly thlBqaaBa»i^ij£urfea*l»l«te«W *iifel«a^' Wb*^ ^^' is-^.ria^.::^-:;-;;. -:n , aJi.::-,.c 
Qui lldajfe i3^2^j attmmgtg. *o, aaeprJeapaiEfJ «*» mmumit *t«ftJ«tir«- oti iWolra* ' " - -' '' '- - 
as sets of "concepts," whicteiem imK.ctiAtvm^--te'r9^f^'mAn-MMi-i6^mitii^^ ^^•■ 
o£ phraseanaad. veatcM&^ji iUthtiui haii&i^p^iriHMii^thitt lAsarM«^<l^ 
wprd involve* tt«MW3fi»iE*fc« »al«B«. «*rM s«tridf3lMi»€cti«SKle»^*il* is ttylng - - 
to build/Up A3Kit9*xtoitmoi •uit»k4»3 c«MPdlfta»« !iftal«iiJ siaieMiitotd is -« ^ •" 
represented by^ais6t;.*« »a4uM ^Ichi i*e' |^ne«il€y=2lntMt4<*ey HM««»e«*- ■ 
sional coordinates; SHdh aa length^ 'tifl»!*^a«l hue. «^l<H»ft"*l»o t»^#«t€a '^ 
def ininarf^rotdaiia terBwrw«ap?*de«Aii«dni»o»da^»«£*o«ltdtft«C»8»3^1^ f««iiftg -"^ 
is that Cbe irajtotiona.igtggan iiKirdiu«»JBBtefo*«p«»e«tttni^^ ' a ^ '^- 

neanimt iq£ jJadtYt^ial monia r and Ihateioira a=isiilp»f» «#p«©*ohitihloh = 
Ignores o^SiaaH^ f«©atti«« «ool^--l>e 'iBW»e»i«B»dl«t«ly 
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SoniBRejs (42) is laore conc«ifn©d witSj permiaalblesiwaEd coiibiaatioas 
than witlj. the waaniag^ -af eiadivi4«#liiWQr4sy i He f tFfe^ 
hierarchy ©f sent eiM?ie Hypes: 1) .HnfiyBi^ttJJctl); / -2) s aMfetoifciioal bat 
nonsense; i) Seasible Jsmst -.fai8«;j 4> i X«u«.i .He thenyaw^ieeetiMtt; 
the crucial seinaflttAc ;4isfcinctioiRjlte*t Iw^meanfMie^^SJBMniatJlaMii jdettl«ra4 
tive sentence which ^re nQnsenjse, «i^^£itaE8ftiiHhich ai^ si^^ificaMtr JbuI 
(but may be true or false). Any pair of monadic predicaCia, JPl ,; -^ ji^j^a Jbi,>: 
are said by Somiers Xo, havie ^ M^inse vaMmsS^fiM^^ b^ thekmoexi^^ 
anjr significant sesjteaice conjaiiii«g jfehen.. flstSwiEptae- tStey; hawe !vaiu» ^« : 

'VU=N(P^,P2)..K TheU-reslptJionLi* syiamirtisto Jttrf ptSeserwed utaiCTi ■:; - • 
certain logical oper*ti.orj»i<Wte its ^e&xmxti:sp bm. >iJ:<iim3'noti'JLraxistts^eii!-:0'^:)ih. 
A stronger relation Q-?^ is tr«e ifi "ofcsd^at i^ P^.ltro«ttJd)e/ siljgnlifii^ it iv 
cantly said thatritjrs Q. r. ©.£*,; P«1ia^a8fcmidii^«^^ ,<i -b . ^h 

permits the arrangement of ,ttae»e ''«sm«Ka!<: fti;«cbycJ«»rf"JjliQaK iK5 ai^^ -j 3 
tree, wher«,#ll wftr^s in the a«ffl«e JBe«tdii^«l|Bra,oA.5i<iai»lJ^cblbrsifiot^i .. P 
all words, descrifeifigwei^hft, occupy thfti same ©odei^iiiw '\> qui " >: jv .,, 
My main objection to-tfeis ww4c. isriaiwfeererith* imp©x«at*idi^:dnei-;ii :: r . 
tions lie. Sommer* wouid argae that "fhecidea ;i« ai»as»lfff«8«« i» : ;u 
nonsense, but "Theiyellow sky is alwiy«-gr*«a"ri8 Sensible i(slmce #ky 
may have;C0ior, "The, sky Is blue" and "fhiS, sky isutot Mua!'. arev: ;.-?■- v 
significant), aj-fiheugh fa^se. Note tha* •^Ideas-eannot^ba^greenf' 
would beconsidgred^nonsense cafcber: thanlfeBuA^ijbyqSonmers. i feeiotjhe^ ^ -^ 
distinction between Unonsense" and 'Aaei:»M>ie but ^astetisuefofiche real e r a 
world" is not preciaeianough tofbe a basisiifot?' a ceiq»oteeJ: apepyaaaatatian ' ^^- &"■ 
of a semantic system. SIR is coneeEised ^wiiich deMctioBg-'to£BeonM<iqa^:'es ' ' ^ ^ 
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or "seiwible," -i ■''■■ ■--—■- '■ ■i-.^-' 

In stniBUiry, many schenes have been d«sveloped in th^ I'fttiif^tfre fb¥ ^ '- 

wfere descri^^l sftfii^t? #>rftr^«£ t»*"^Irdiiit4if« -(^gtt«i'^»fei'=aWH^ c.i- tv, 
Klein's and Quilllaii's, among others, are being progratils^ ^fic^ 'tibfi^t^«^r^> 

non«*W^1ii^^lJi»^rfrii€^%>Hiinrblfe'^^%alitefi^ '"^ 

the point where thfey could provide a tfa^ilttf Maft "ft^ Htt^fe 
standing." However, I have used some of the ideaii££6dE Jt^-^ib^iii^^ ' 

tlon U8^^il$%i«i^''''^ '^ ''■■''-^- '^ .;=.,:-ivS.. >- = o-./n,. pA ,(v„w r .:.= r 1;; - ■ . , , ... e - 

Thft 'SU ^ikeA'ua^i'^ iP^cl*l-^'«*€lf''«^«»feire -tWfigfr:* t^fl tht , ^ "^^ ' ---' 
"mo*^i* -'*fti*^^*d^*ftH t^f*i?*'tto J*ff^*<*Me<*^^illini<ri*'%liSyt'^^^ -'^ 
retrieve semantic information. The purpose of this section is to explain 
What I W^M' Bt'the t^iln **ibd«l** in giner^l; *n<t to* ^^itt'^'the ^^ mc^dfel ' 
in paftlihilar'. ■ 



1) Definition ; The term "model** has been grossly tf^tikitktlA ^ and ^ 
it does me''iieM'W'^ir^~^y gitt^MHy 1^^d(<^i^^^Mf£i^^lM^ ^my.'Wik 
purposes df Cftfs =]p««|^*-', I pr^s^ent tSie ialldiiiavg *fcfi«itf»it; 
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to certain features of x. ",?-.: d is; )b" it, 

b. Changes in the model represent, in some well-defined way, corre- 
sponding chansges tin ^»i . - ; .,-,;r.>; t, .i-.^d » rsH c^^nori^a '■/_ns.m .vVK^-imrn rjj 

effects of clj^Rges.won it in.oayiei;;,^^,^ r#,t^i^ ^^,^. 3J. ^^. 

studyi)ig,^,.d.ire<^tl^,,,^,:.. ^, ,, '..^ : . . ,,-,,_ ^^i-^^jn :KK.iJi£ ,3 ' nfij llii/v! bns ^':n3l)i 

in EngU.S|h.,.^or, a^inj§};hemajtical.j<;pi^^^^ , oiivcc bU/oa ys^':' -i^arfw anioq srJj 

2) Exaamles .gjfc wde^l ^ ; , : ,;.i.. t -, ,,:i;c,. baau ava.i 1 .-^.iv^woH ".^ruhit^E 



model for the actual part because aerodynamic is ts understand how air 

flow a.^f>fff)4. tii^,t^^^mf^J¥m ^^^A^¥tMs^ ^mmm^^f^i^^^rnhBi^o^^B 

airplane part (whose shape corresponds to the shape of the test-section 

in a well-defined way). An obvious advantage of such a mod^%fd.f^|i|^g^ ^^.i.: 

convenient size. 

ii) A verbal statement of a plane geometry problem usually includes 
statements about line segments, connections, shapes, etc. The ust^l,5-,|,4 g 
model is a pencil or chalk diagram which has the geometric features 
described ij* tthti^t^rt^nft^^ ,,.Tfe%,y%<^^l^%&e j;%|.tj^ i^4^^„i|,3tfe^ ita^^rrr 
conceptually easier for people to interpret geometric relationships 

from a,^i^j:j^ ^1^?ufp j|r<^ Aa>^mi>*ia%%§*«'^^» rJ^ls'^liilsS ift%|te<f lr«.'i<^*>**i'?«o;' ' 
of the geometric information into a linear string of words. 

iii) Problem solving ability in human beings has been modeled by a 
comp4tdejp^px<»sra:|> d&f/^lqgfii}. by J^ev^\l,_S^\^,a.9^SMF^tJ^^ ^,dP^ ^^M T 2 .riw 
can be improved by modifying the program so that its external behavior 
corresponds more closely to the behavior of people working on t^^,.s^n»e,^q ., - 
problems. The advantage of this model for behavior is that its internal 
workings are observable, and hence provide a hypothesis for the corre- 
sponding mechanisms involved at the information-processing level in 
human ,p^bl#9-sgiv,ij^.- ; V ..,;,., ^ nv:-, ^-'vl "Inhiyn" misJ sr'T ^^c-li^L-y 95? >,- 

iv) X.<^ictana <i^^e,l9B^;^i^ :ya.\^vidy,.M ^^^oh j 

have no significance other than their syntactic structures. Sometimes, 
however, systems ayp^4^»l^^jij;^jq^4er,;jC,o j§%!^J:t|e ^11^^^^^ Qf, s^zox^-uq 
external (usually mathematical) relationships. Cm these occasions one 

says that statement^ M ■til?f^,i^5!ftl?csfX%tSe%(^^^^ %^a"<tei> k 

interpretation" to facts about the relationshipsT ^e model for sTjeh" a 
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satiafy our intuitive notiont of the "n»«ning" of the original relation- 
chips ,-y^^«Mw»tx^wt}i»|e««ii^f^I«bMl «% ««i:t»i«^ifi(i^«rc|oof^tft« a ' ^^-^ ' 
■yntactic ttatenente. Thus one nay study the abstract foraal system 
by manipulating a ao4el^«kf««1iPta^i«^i«t¥l iftfKtmHftct^i '8Militi«W '- 
in natheniatical logic, refers to the study of such aodels (6). 

There nwy not always be a clear-cut distinction between entities 

nfti Lyiij ■■'-.. ''-.''i : "io": iobwffi £ ai i'"5::?Ya n. lo •itvih n^iliBi^idiol --■ST 

urtiich are inodels and those ^^ich are not really representations of 
something else. For example, Newell, Shaw* and Simon's problem- 
solving program discussed in (lii) above is truly a mgdel, in the sense 
defined earlier, only Insofar as it is intended to represent human 
behavior. Otherwise the program would have to be treated Just on its 
merits as an independent problem-solving machine. 

3) Question-answering^ model ; In designing a ^e»t ion-answering 
system one is concerned with providing a store of information, or a 

mechanism for developing such a store, and a procedure for extracting 

sliii ii- III <a3'T6ilJ ai bdBauDpib ai f-i9;Fsxa ant u^w^ne-nuLi^v^iyp w-r^ /;■: 

appropriate information from that store t^en presented with a question 
The store may be built up on the basis of information presented in the 
form of simple declarative English sentences, «s it is in SIR, or it 
may be a prepared data structure. In either case, it generally contains 
information which people would normally communicate to each other in 

English sentences. I consider the store of informetion irfiich is the 

-srnioinl :j ■- ,:;>£«;:. 3 \ -^ ;-. f Ji J:.:; }:"': ":^r -^c~\ iabon: a 8380 sms^EVit '\\nl■n^v/^iit. 

basis of any question-answering system as a model for any set of 
English sentences which contains the same infomation. Of course, 
"information contained" refers here to the semantic content, not the 
nimber of information-theoretic bits. Note that, due to the present 
vague state of semantic analysis in natural langtiage, the most effective 
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way of fiigcovering *ht# inf^nMitsiiwuftftlidt^tlAfe* !HMftP'^o|i'-KiM»mPiaa)g I-u > i 
system' s s!^9r^,oi.iMif>^me^i.&ml9 ^9 »«te|***idRyafc«w««)iW <fxw»t.tonai --. &a ida 
and m^l^e- s«ifej«Btiy#x4#Lf,PT^»CM #lfPP ift«i I^Fff'^RW'^e*''- - -4. s- ^cl 

The information store of a system is a model for a set of English 
sentences because the information which can be extracted from the 
store corresponds in a well-defined way to, and in fact should be identi- 
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cal to, at least some of the information available in the sentences. 

,. ^;^^ r . .__::j'.i , J oor-n-j .;,n.i: «; lA 3ft thhoBnl ^/.[n-.. . .f-^ii-ii^-i' bsiDt^b 
The principal advantage of such a model is that it is easier to identify 

, , ., ■;-; ; ■:)■-■■> :.■- ', ^^t:' i u ow iBSiiTjo'iq 3ii.i 5j.; Ivi. '; ' I J C ...c ; v-'.:.y.;. 
and extract desired information from the iMdei than it would be from the 

•i;.' ...,rr ^f;.; viofc-^ri'^Idoiq afiibfiQit--^-' ^ "^ --' ^ ^ -' '- 
complete English sentences. Question-answering systems have been devel" 

oped which use various kinds of models and which have achieved varying 

degrees of succiess. The best-known exa^les o£ suicBT systems are dis- 

cussed in the following section. The structure of the model used in 
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my new question-answering system is discussed in Chapter III of this 



- u. 



paper. 

C. Some Existing Question-Answering Systems. 

Several computer programs have been written whose aims and results 

r, -,.,-,-j- ;'u,'\-- 0- ;.r.-- ■...■.„. :;ro -/liiiQr;on bjyo-..' olqcwq ilvi.iw .;■■> :-i';::-o!.. 
are somewhat related to those of SIR. None of these "question- 

answering" systems uses a model for storing arbitrary semantic informa- 

'j o '^'r' J/ifi ''''■ i-'A ,' i. ■ ii i/fCf : i5 ■(''H gnx~ ;>v!ans-f'0 i V-:, i.>up /"^i ''■' aiKi 
tion; and none of them deal with the same general kind of subject 

matter as SIR. However, each of these systems has certain interesting 
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features, some of which have influenced the design of SIR. 



.J ^ 

> J ( »* *k, ,*■ y »> « w » i »■ « » I ' 

*r-Xv. ■" '- ■.■■■„ 



~ S «!•> M "- -■* 



—t~ I ™'««»Sa»w~«^«r- »- I f- - '■Hfgi&tmimi-n.ftxr- 
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vcrlMil Saglirii quettioas about « set of bwelwill «gMDtt«^ «WBi|>le: s j i I 

input ! ^^-''"^Htti aiiWjj-^iajliit ^pl«yM' ^Ift^^ '^:p.liie#-^^tf^'^-' "-^^- '-'■-■ -"' 

output : ■--■ HIBii' il'^JJrof =^--^f'.^^^ - '■--■ -^^■- •' >^ h.K.i^'.-l r.-r . ,!: .„,u.:.-J 



i "IV; 



:all 'th« rmeimi^i-^%miiMM'it'*»'--^'f>i^^''^»''i'^^ «ctoo«di)H(f '%d>^ '#£>«« ^ ''-"■' 

•elected hierarchical ioraat, B>f««f<# its »6'=^jttf<*^*ti««a iir^i^ 

aodifyiiig tiiis ao4el. Bach question is ttummla^tmd tttte a specification*- 

list iri«ft''''»»#~^ieii#«d ittl<^i;iiifilrtai;^<| Ua iMi gB i < ^:a^^ 

t ion- lift ^-is^K^^-MH^tietf'^iiast .a»*'jii«i*.i,'f*iW'*lsiittis'iii;iaii«v ^«*d»Tee« 

entire fi«i«-sfkicf^e«ti*n-Wif a|^i«^«daiSte«. '-'li^^-^i^t^i^tt «<l4*x»o'- -'Eri-j-.- 
respond la graaatatlcal biglish. .w f.^jiV3s 01^1.3 

The bulk of the prograa is devoted to the task of ttanslatio® a? q w^ia 
question sentence into a .B9et§il^^i§£<nmimi'-^mmmqdim»i^lim^ «#ii£I£i 
words in a dictionary, i*6i«l?f^^iMiiiiss^>*^f^»fM^ 
analysis, resolving aabiguitiesp«iki.'^5«ltei»«8>i^i&iii^ *diiiiite#i%i a set 
of entries for each word, such as its part of a^i«eB^aiii#t«iii *«W w»M 
is partJo^fi^ ididiii «ed-its •%i««nttig^»* 3^^aiil«g,*» «Bi»*«||3o«ly jip|Mii»a si 
for cert«M^Vd£^s^'ii^NM?i''«E^ «^cifl6«ltc«|f%rMMfeite%{^^^l^^:i^^ ' 
withto i-&i&-^Mo^^mmf ^^to6 s^'isigfaBir ±hg, i';i«b«<«eiwiog 3ar€:.'^«iiph#« -'is ■ ' ■ 
"feam»it"'~-y^««'-'ei«;%ecl*J«»e4v«itto?e'3«f ehc'^idb^t .«Btterr. -««*l5e»-.-^ - 
8iinpWi'^sg|**^J^#«*««*a««# C* iolv«f*h<ti^*o»W^cli«rrfi'S« ha -vmtf diffii»«l6 



hi-iUO 
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problesMt;.- She ;«o4el qonst8fc«t ;<?£ a f Ix^ 4gr\#qj|i|^j^^|^|^q^pij|%^^ , ^ 

lists. —.■■■■n ■ ■-. .. .-,,' ; ,1 ^.;,.; ri ,1C! .,rl£ ZCZ) ^ ' Z">ii'C ■ll-i.:.:.^ Jii:,", :,. 

The "Baseball" sy$C«in give^ %be i¥LMi<M*,#Jqi%6#A%iS?SMIr fe#«vior ; .^^^^^ 
because it can respond to a wide variety of English qy[fn,tiomfiarjn8. ; (^ ji ,. 
However, a limited amount of information about a fpscific st|^;i^f^t 
must be pre-arranged in aotix«<l dat«,..ttn:»jcsti!||||iiai|<| tehe datanPSft lend 

'io .Oil 

itself xt0.iii«caBcbic*l ord«ifJng. ^b^% ;%r»Qhfi«b^!«^«^!M.r«^saf«al4s»«4 = < T 
conveniently ct0,ihaa4l«th« l«rg«r >«iliatgi9<»f ,.feit^fi|ft%iQ5irjwi|i^ 4fk j . ,;; 
nece»aai6yir&a:r'a' feruty "-intelitgenjtf" j:fy^tl^^ .,.,,::o,i i ^v'-ja^^f . ; ir -::?/ -iis.;, 

a> BbtHttW ' '!Qw^»tiiOBrA»aw^r.iag -Jtoufeijie^'rl, 43l\ Shif^Rr^^^aiR, ,, j . , 
wrifet»n:,ia t;l|«iliI§P ipiiEpgiaiiBiing la^gu^gt, :4M]k3«^»3«iailftcy^ja^|fw^i ^ ., ,,i . 
certain c*impl^ei English qtte8^iona<m,tl|ftflt%s4iigfn%c^%rtii?MJ&K8|B^^ , , 

English sentences. ., ^ vtf ^^ 

Example^ ^,^n , .. . : .jj ;:■•.,■.;■:;- ,. -r ,. j , ■ ■.■,-■ 

input ; ((AT :SqH(X»i JOHNNY MEETS ;TH«,;fi4G»?R)q >, v. . r . r 1;^ ..p 
(THE 1BA6HER;RBABS BOCKS* W:ip:;^g^455«^ : ; i:,ow 

:: IWHERE IKJES THE.:^9ACHERaW^U).BQaK§>,. Lrryj,,.da£ ;-::■:.: rr :y , ;- ; ., ^fe.'..^ 
output ; ^DS THg.<lLAS5»QQM). , -,,., .;,.,,,; ;;,.„. --.;.„ ,,, 

The model for lasenUeince l»,»i;Lfcst of vip >fe«:ifiMeieJjffiei^|ft|i cS'*W^?>t^3^,; , 
verb, object, pl«ee, aM ti»«>r . Thif. ii©«l«rl ift e^mitl«%te4yitr,vjeji»,c^j , , ; , 
sentence in the corpus, and foiffihe .fvestaHes; (jrfs^ei^^ja *«pQf:4^l,o«^^ 
in the j<iue8ttion-li»t idttntifies ebe ,ifflds»0(waiift4m>cjqlh«>dtue§te|on*U»tffuyi 
is matched against each sCntence'-lisfc *n4irft4 *8 ^»B«e«4«tel*cP*fe=i)4s5%M ; s 



-.,>,. ^ •>i:->fc' - ■-i^.V--.-.."-^.-^- ---■■:■.■- .--,-.!-,■--;■-..-. ^'--.w,;-tra-~ '%- ^ ' ^ ^^^^■i^i^ftijffl ;)j^i C j tt g Bgi^-rtf^^r'*''^'^'°^"^^g'J^* ^^ "^ ■^ ■^ -- 
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any «««8«^«isfaiefli c««««ft-'=l»:?an«ky*Bkl».' ^jj4«Boi>*di:Jriti»-i»»«Ste-ia^t:h*QV:.n-n 

^ueBtion B«»t be juMH*Mi|*i«ii30» ttie*«iri»i«rf * •toft* »«Bt!www air (» 

lln«we.a.y^ ifior!;|dKe r«ft«i«Mr< .tto< mtch ^JfiesttoilM:! i JMiMV«rw> lta»~^'dMP 'sc^ -m » ^^ i 
■a»(iel,-iibi<* 'Ai: icawM8«1..mi^- -«ac^effte4 auitocMifeiJBaaciy mm tmr- -^batmsimi f-. 

, --.jlv.ii i> : . '.' 9' 1 - ..... : ., ■ . . . , ., ■ . -..-•■ ■■ . . .-....,... .... 

l#n«u«^ <^7^» e*ifc«iiM«ir AwiAt a«ka«ry «e^^i^»ti4«i/ l*P«lPAii<a«*«t«*i 

f aoaewhere in the gRcycloygdda^J ; j^ tSienw — mt ••ifg^^^yfoMtj^i^' ^-i vIvj-^ =fc 
^tPttt ; "Birds ^% worwi." 

atructio^l 4il3Ri*»fifti«^i •*8»ifl*«»?e8 (*S4^i" fchit.^i4il2i^^]|**liKil^ln^:U'i? 
confcent wftfAi* :i*iol»f'lMBr« f«»an«i4ci *l««^f4««aee,4iBu»««^ti««fpinewc»«tv ' 
words are any words lAlch have not been chosen as fuaoct ion words). 



28 
Initially bbe eerpuis (the .encyclop«d4i]|s±sjtBdmeadywlth'>refl|»ect to -'ali<« 

occurrences of all content words Siirlb^sitodfpciocet^iflg aboettnt^lie^^tfAlMi' 'l^ 
amount o£ space ^a»rthe corpus it selifw,. Uieii^a: qaest^ldtimlgqa^cd, Btto'i 

systeAi selftot^ fcb^se a«iftti6iie«s fr^ila tiu!i:icari>ta» v^tebfitttvtt tdte^ngsfif^E^^fft:''! 
numbari o£ijCoilit3«wt Mord^amccssk^ v£<tbv1iIi«BqiMi8etoBf>: Alt>ctiid.»3p9£afe'^ ;■ " 

elabord£Q r^XiSnnttteie&l: ma&ly^&s mxm. used :A«t:d(»b0ni.iti«aBii«tsitec isjHiy r^£ "eitep 
selected: 'jseoti^Kseft pra>Fida mi ian*sreaf;dt©rlth«'aq«>d«tsijo«*5n=-. mj jsi.k lo-: :i3;.rp 

in its g^i^lnftitjfcena and referred^ t»>fe'jid|£a> aecawsae9*^^r4i^i»»%h(cth 

of an iga^imt^r&inise, tis^ liMiatBtBtdxax/s^^sti^ait'^ipaee-^fmiiim^ 

usable £aJlm>jdi;im;%i?jEanBa^i£aL ^aaJJMjfailBiire^ ^utfitoLdt^'^ 

is anffi(«(^jeriri_ji3i3iitit6j ccaqtiex.^ i fisssen^ /cefa^odsiKDxtfi^ijp KlJBkJJ'^f^^P ;>i- ; i.' t * 
indicated lihatj^iMte^ oiithei xaiieasttf isftie i^eammr^ -xiaBei^bm^e^ftiikjp'&^os^tx^-tii';. 
matically from the corpus, and information from several sei^jBPaces'iiai^ t '>'i 
be combined by use of syntactic methods to help answer questions. 

Hy vffteil^ag iJ>,{l4iat: Jthe wara-ralajtEtoig: -J^^sm^'AeifMLbpe^^^^W^k^ - < 
"d«>piend»n«:)'r gnoatfir" nethods cim bmAimc(Xiiexjtd^TmmmamsM.y i}^}^^ &^nt» > i 
of semanMc «fi»l^ftis» ateA they woHldb^kK^ bemtn^^cdat^t^ 
A model based on such semantic relation* fwridii 8i |pfe(|6te i3ptl^. s^tt^ iif^'.- ■'■ • ' 
the question-answering procedure. SIR illustfeitaBsefthedf^lislldalty c>§jji^L 
directly storifflig:;JMkdvoeiag.-BeaantdiO■yaStflatig•w%=;^;:}J2'*-;::^^^^^ -'±..-:i;^ ^-^;,^.S2"'iiii. 

4)b t.ii>di><[Wr ' gt'-?i&y>-iS<Uli-.^irot-«Bg«x AoiwaAii-ttiV'aMal^^ MaidS j<>^ q ss^T 

SemantiCijAnaiygAgg.Miichilie,^ (21>,s3atl890g»a±imii.i»ittt^- Aiitnth^ iK^y: • r 5a 
(26)jp5ogBeinpiBgsi«agua|;fe, acceptSiiiiSfcinpaiiajwafr seattedoeitn B*»i« ^^Sii^ii- 



. ^, *^>*--tst '^w^^^(P»p'W^-9»*->.-*5jt?-ft-ipi»w^rfi-r> 
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English {3d), ejctracts £roa it any In^oifraation concern£n| Hns^ 

,, .!...! ./■ -^i-iVijj;. iTiiaiiri nj ^ci.Ai^ ik^rfiv; ei,.fi^ Z'^;'-". r- 

and adds this infomiation to a "tttaily tree." Bxiaaple: 
lnft<^t i "John, Mary's brother, went home." 

■• ^;Jefttt"^i«i ilBry---Kre---gs Bigned tr t ' tii l iam ^'^gct--Ti f pa if i8nEr ^-»»-%.e. , 



they are represented as d(^8cendants^f-TrN§OBBKm"tR«^^ ~~ 

^'.:.yi.hJ'\ ',;;'■„;;;; •;,i,:Ti-, ' •jsIant^iJ . •■..: , ...^f;^^ JjOxhs;-).^ i s^vig (P.'s i'lM'Xj 
tree, 'nie grttadaar is sutficient to handle a considefable pdrtion of 

natural English in recognizing family relatiofliships. AltKougii tne 

author does not consider quest ion-answerii:^ in detail, it is clear that 

the family relation intoriat ion is iaBediately availabte in the tree 

mbd«l and specific requests could be answered almost trivially. 

for a'vfry'isi^^clhG 'tiifl^^, ^,/jii4ffi)r ItcMsS^inbtlYtfe^bi^^-^ffM' M^l? 'b^:£ 
relat^4|i^fijtps^^y^t^"ol,pi^^5eft^;|gl^'9§g^ 

model for lamiiy relationships. Then ^mativerreievant informatics^.' i sr 
wa8;..|e«ffi)fiB^)W«(p,-jf^9«yep«^ ; .,,^,.jul, 

nothing. tp^^lb^, done ai;,,weft^oi|-i«n|pf»g ,^ ,, j.:. u',-3 -i ■:.i/;;i -rfi 

^,^f9irt»i>ately*;dl£f«rc^tvt5P!»/of "ffftm^^^ f?« °?<^?1 3-;.;[ 

f or dLS^i^e^l Hi^f of pi»fo^t^<>^^ ^ It>^a^|HM^^^^g^||| f^s^«m,^^i1| o-riK: j .ij- 
might;,^e.^{^8t«}afe^t^.ilfe,.tbe ^fl :a}?|il*fe|f j^B^^l,,*^ 8epKfitent^i|»f9||r.-,^.^^_ 
m»tioia,fci5 ea^ti^,i8ub^t «rea,'^-^,|j^jt t|;^(|^|l^^f«fj^|yg|^|^«;|)i^M, ^ .KiK>EJ:..'h 
Gartesiati eq^f^ifwlits £w Bpftti^ii ..|^]1^1;^^ . ||ff^l^fi,4M'r,!**?nt^lf i'!f ^ , ■„.;. 
text ii^jar!g^f.;fQr «t^i?i» t;h«M is^,|WpOby|l^»lX^||^t|i;gr^f^|f^ ,, , . 

%ut that j>P5»«ld,^.b^_ « O;0i^f!j|«ed . syf t^.-^it^^ t?j^f^|d|»jij^^o|||Bii||tt^|.^ _,^ ,^^;^^,.^, 
prdbl^.,_,,Tl|«:4l| system is .based .fn^,f.,s|i^?5|,;|p|4^1, ^it|,,c^|M|^|8,,,^j ,^,, 
«0me of th« advantages of various specific models while permitt;|,t(| > ., : , 
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uniform prgcessing procedures *nd permitting the storage and retfteval 
of arbitrary facts which aris^ in hum*^ cpjijversation. 



5) Darlington's program for the granulation of res^rict^d E"filisK 
into the notation of symbol ic logic {12); This progray. written in the ^ 
COMIT (34) programming language, translates certain English riddles 
into a logical fqnp which may then be tfsted for validity by anothe^ 
program, written by the same author, which applies ttie Davis -Putnaigtt 
proof prpcedure (13) for statements in thf {.rppositional calcpulus. 

Example: ^.,,, , . ; ] •.■.,.,- r,.:-. 

input- "If the butler was present, thep th^ butler woy^d have beei? seen, 
^ildif thr better ''iwii seeti.'fcherthi^bMlit'^w&Qia hit^e be^tl 'qtifestltined. 
If the butler had been questioned, ^ then the butler would h^ve replied, 
and U'tU bdtier tiadi^iiiifedV'tkti tftik btitl^i: ^roOM^haVfe 6e^ti h6di^a. 
The butler was not hear,d. If the butler was neither seen nor h|^rd, , 
then th6 Mtler fflusg" liii^e-'Bfeen 3tl attS^^.^a^d' ii"M4'i>uiier^tJ4s bfl duty, 
then the butler must have been pres^ent-^^Theref ore the butl^^wfts,, 
questioned." 

output ; [ [li^MU m^Nl A V&^'i A IP^QIa^Q aI t'^liA^'QJ^Rl A [fe^n=>^NT 
The input is typical of a typ#6f prdMift" which^ippear^ iit 6letttenta#y ' 
logic textg. It has b^en pre-edited td^i^ii-fbrt'^certkih'clai^fficafitons 
including rembval of most pi^oriburis arid inS^fttb'ri bf necessary A^rket "^ 
words^^uch as "then." th^ prograift trihgligei dls Itiput, b^^iekiis of " ' 
dictionary refetetices arid grdflWiatical Ailaiysls, into tiie model , v^hicH 
is a Statement in tttkthematical logic hat^^initihe satie trtith-valiie as"" - 
the original English statement, ttie "question" In these problems ir 
understood to "be, "Is this argument villd ( 1. e . V'tiieiessirlly ttue)?", 
and the ariswet cari'be dbtalned % appljring established methods to Me 
logical ftodesl. 



,jfs*=^ii*(«!l»f.i-e~ i~ «-- ^•'r^iSlSfcasiat*^' 
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tafces iid\>*^««i6 of « «toMt l^eitt;iy '^ifelkil^d fl^'tj^^^f ^fibJMt ? 
involved ' imd •d^'iACe iBi«itl*«t«f dif' «ili dAtf^tilble (|ttftiftidAi' " If drie 
amaUHiea ^fi€ ^o»i&iUtf <sf UnMMtiiui •uCS «• * *«I«^C ^#ii the oc6tip«i^ 
tion of the suspect who was questionidfi" ^ "1»it «i« "^dctt* td *«* ^ 
butler?* '^tft^Jt tflie <f<Mf»lfciHle« pi^a** «f ^tt'iitilWtii^' tSN? ^cd*l^atf lUieo 
logical *eMi #o»iM *rt be ^>f a^ atd fS Ifitftlri^ saaw^rt;^ ^ daiy at 
snail f*#t -(^f ^the ■itofoi*«fetorf-^iie«rf«a-^-^fot"-*la«f#^^ ■■' 

be exp#*»s^'l« flie pro^»d*t#f^l ^eial^tiafiv-^ i^^ilf ba-iJi#eu#«^ i^---:^ 
Chapter Tli «Ven a ^lr«f'sion of tfSe q^mtHemtWMl «W.i^lui f» A6t ^ 
suff £*«««;' to fotttallw^tlie edtiv^sat*ooi*ir%lH^%y d^^^j % ip^iScfcaJdlOTtfl 
lai^ui^-Ha^^j^iO ae<!**««ryr-''^ ■■'=^'; ■ 



UjJ Jii"^ 



6) Beaaett's co aputer program for word reUttoos»(3); Thltf ' 
progran, wTi^:imWiikm'<:mrt■'^togc^mm''ii^^^ 

fomats. Exaiaple: 

Input : DOG IS M^AYS MAJWAL. i «^ 

MAMMAL IS AIMAYS ANIMAL. 

output ; tiftlittg. ^IS JgJiAYS AlflMMi. ■ 

^e input iftrtft^tec5«i» siiiisrt: ^^ti one ^ five fbttiitt (tfij. , "X IS «t*r^S 
j," '^ MSSFM; Y,^»^tc.)^^, atrf only oiiife d^ gHE' ^miik '^(yimtmy 

be he^ tirue at «mSe ttae for atty bn«ttw*X.--^if«r Input ^fe 
ti'^tiiBiatfea^^**^ ^hfe model , «*lch liAa associated wiiai ^K^teryHtt^ ^ each 
corresponding item ][ and an identifying nuaber for the format which set 
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up the,fiqrresipqnd«inQe(. tlhe jpod^l tqtijM*HysC<;(as|,j||s ^f l^jv«*a» Rfrjk^gs 
of tagged (wi^j;i,as, ,*s i0 r€ig«ic^d5^2.il|e/<^;$jlf^Wftge.>r. S^iJ*i?lx .-^J 
there is. a sma?,! numfefr of allowfb?^ t^86io%5|gTi|jftyj,,,§|ici^; a,s%9^gif,t;6do,ni 
with ane.^f , the ips^ijit^loiiSMta ,a^ xe^tf^35||^g,,4n5«^ 5Ji5^i«t|itJ^.xl^8s^Q^i; anov) 
entries t^f^g ,ret?;iey«4 ^rqap tl|«i modely,^ . .,. ^, , ,..,j5 

■^e ijjfl^r ,fe^tu|e of this isjrj^tf^j, jH^|5cl|.48,j§l^ot^^J^Sii9.jfe«tHt;§ _,„ 
of SIR, is^ ^at th^ in^cM^M^Iiifiikept lj|c,tl|ft£jn^4elf,i4^^|,fi«^ Bf^feici|^a;5 . ,, i 
kinds of spjoaantic ;jr8j.^%ian8 jb^twQen.^ar.tlci,^!^ ,iun,> 

analyze^ wttli J^tf Re ct to, nr^i an^mrjet.^ ^ ^j^^Vi^^^^^jbc^ the niqdel;,.|<5^,-, , ,,, 
information atjovt;^ ,the,8e .ft^gis^ .5:,e,l<^tti,^f,|, ;^iB?ip^,_.^bif8X^g«Btiigs of ^v;r dO 
Bennett.^ ^Stfm, ^iq% I 'h«^£py^F^^?Bjftai(B^y§^, ,,:MiclM^B?*«> tf<^lGS¥*q»^>2i;j, 

1) Relations are identified with particular,-j^|(;tpa|(^a y#.tf*ie? jth^i.^,,s! 
with their intended interpretations. ^ 

2) Logical implications based on the meanings of the relations 
are ignoi^d^- ;,--;: :y.j;j:.l:.j ':y:,:;^i^,2fU.IJJ:ilMSa^^JSJB:Bll^^^ (- 

3) Int^^ff.tiqna bet?i^(««,4:|f:^|ij?^gjt . . ,^, 

4) It*3St^nft,|U5jprea^tM^tl9p rt^^tm^^mm^m ^^^^^^mf^n j.^-iuu. r 
difficult than necessary. 

5) The user must know the form and content of the model in order 
to make changes to it. i jm. * >> ,m ' , , ^ 



In suranary, several computer quest ^i^7§i^iff^:^i^j^^^ii^.^ve been 
developed to solve special problems or i^f|^|lH5|itgaf,^||q^%l jj^^^^ies.. ^o_^^ 
None ,Ae,.t|^i^ const itJJte, % nW-F^t ^ff^oa^b^pp ^0^64^^ :y»|^^>JJLjtgent,, ;^. , ^^: 
"understftfidlif^i'.. behavior fp?r tM; :Pflmpi^ifj.i„<^||}J^i^, Vf^iovfi ^MpT^mi <^' 
models arAj^^ Jja thf, ^xi^ing ;^x^=t,ep%„c|i(^fl, r#pa:©j|f|i|t .#^^ ^,^1 

tions iji^ ,^nt«itiye., fifiaeifii* «Wl!##^^lW«' WK.» , ft^wSIIlfu^dftA 4fte¥^FM>^j 
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in the next chapter provides the basis for a system which is more power- 
ful than any developed thus far. The system based on this model can 
store and retrieve information about arbitrary subjects, make logical 
deductions, account for interactions between stored relations, resolve 
certain ambiguities, and perform other tasks which are necessary 
prerequisites for an understanding machine. 



-5|?r 
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Chapter III: Representations for Semantic Information 

theiSlR i&eafet Is'tfi'^cbiiettibtf of*Mta««^(A^ ^ 

ref^f tb inT^^he cotifW^'of qiaik'iMi-Ms^jfer^fc/ y ^tyfe^c/ 'Mxf^Y^^ln 
th^' Whke that new init^rniatibff c^ li^SiU^^tttt^ttt^ &Wiil^^B' mP^M^^ 
to the aat^ Wi sMiBJm l^ii y teiftl1lb- ii>d'^ di'-fcli^%y{^ ttM the 
data are organized in a struim^i^iS^HHiU^s "fhe^ ife^tt^- WT tli^ 
English sentences upon which the model is based. Tlie purpose of this 
chapter is to describe this semantic organization, which is reponsible 
for convenient accessibility of relevant information and therefore for 
efficient quEstionTanawering. 

Many kinds of "semantic" models are possible. The precise form of 
the SIR model evolved from studies of possible word-association models 
and of the semantic systems of mathematical logic. Its implementation 
was influenced by the features of available computer programming lang- 
uages. It is only capable of representing a particular group of se- 
mantic relations. These factors are discussed in the following para- 
graphs. Chapter VI will present a proposal for future expansion and 
formalization of this model and of its associated programs. 

A. Symbol-Manipulating Computer Languages (4) 

Programming the SIR systan, or any other elaborate question- 
answering system, would have been almost impossible if not for the 
availability of 8ymbol;-Tnanipulatlng computer languages. By taking care 
of much of the necessary encoding and bookkeeping, these languages per- 
mit a programmer to concentrate on the more significant aspects of organ- 



..^^jAh^l^^'^*^^*^*^*'^^^ -Mt-is-- "*>- -^ "•^tr^ 



0^5 
lzafiop7flf4 rfp5f8#||fatt9s».;|^p«s#f«)r3rtl^T!ftff»feia|pift^ll9i9fal8*-9fi§ *fee .tc :;.r 

developf»t;.39f , ?I^i i| f ipaf iWr|h*uh4if t|f43^SSl*«fotJI4ri gifff D9$bliS8Soiq 

S48|^Tifif l^y^gtlif i^ptfjUf fd , iBBgo^iJilgrf dh«M§ bffiJanyuiRlf §ifc i:nodn r. 

Question-answering and other areas of ?fSf#||Df^W»«lflJ[rfff^jCS^ ^ViP^^lou. 
the uflfif^ /|Jiafe9U^?«iaW«il/««:npii#gi6jd§$iti«ll Hii«i|lf8*»»»«^lyii*e9ir- 

orinUil6mP«ffifff4n|i^ii9«MW#|es,ci#»g9fggf ^i¥f u&«»»9#e«llf ie4n^92»j«n4if je 1 uq 
thesi jif es*#lnfres<iiif iagqpf e4i. r,r 4nciWOf »r#n*i»lll#tllf eaftllSfe^f e , Xmv^'^nol is 
ages 4«jt|MlfiiCffif»»itii^|!ipgrsfuis§cf„|tgb4«t#i8|KI«tf»«iISf«^E«ffe fefnjur lo 
pref §f #4M4|di j^tgrftf afsr^f §f l^of^t»«Sl»^f *fl^l«»t^8|sit?i§||saj;isl£, c-» : c . q 

as it.^iSr,B«eiJti#i BfflWfel«a#rif ya^io»»»tPflttli»%tJfW»f8*df 4¥f«b*^Bf OK f«^^ 
a p«vpfHlc»«t ,^#ilf«;^8,;|os34f 8?Wil?i8gjiffCfil«i:ri*i«h^gie#6f«3iodtfK, 1 1< 
search, or otherwise operate on arbit;f|!;jgSM'«*lfu9in»3Rl'*fiiifi94§$« Withgja 
out ,hiigg3<?<W9g(»sn)?4tifi5hpt^f„iBhssfn|„lis*t§|i«Sf„<yrgl§|ASinW« 

operf^$09»o<»Mhii,^»!»l«¥ibiilHI^U§e<i«;^^^j^ 54- iKmETj^oiq 13I n^i^oifo -,:o -nl 



* See reference (4) for definitions of Itst mnroc aa s i n g terms a mi mor e 

details* ^iieffP«loai-^iM-^8di^fi4oAi Sr-ifi^i^linpaigWi 5-n->-t9io-: :. .>o - 
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is one of the •61de»t tls^wbor^ihaMiiulilHttg 'lattpigesl *-TO^^ titiltiOof -= f 

data used in i IPC ii^^mw^ sCruetiarei* iaft^oifei 'btim'iiyah6^U A^"IPE-o=' 
program d(S«cri6^a( symbol Martijpulatloh'Sst-avtirj^fi^aSidle^el, ^teavifif'^^v- 
the progtammer with the problems of keeping track of si6TA'gk tif6S, '-' ?-,S'!^' 
symbols aftUtgtiedV' etev On the 6iHif^ha*M,"ti-iS '^tiite-eaMy^ tii'IPB^t^ 
build 'up "^ Slaborati '^rofgtath* eJut of -^i*^l6f-plrdcii*ili' ind tfa^iaaM pfilSte 
arbitrarily cditt^l6k^llSt'--8fcrtictut*iB» ^^ as^-'^it t-u io iv--v- :/fi -jw.>;m:' .noj:-:--..;^^ ^ 

' eeklT^was oirigittAlly deaigft^d^ to i be «a'cdnv6Aii«^nt system Ih i»hi^ft^ -^ 
to protiissi 'ttattiiai iaftgia^ge, and waS i^Bed ia tWeieif- fihe^^^ue^Widn-dnS^ieSrittg 
systems 'deseriBedabiVte 4 Although^^GeMIT 'is a g«Me#dl ^tttf^neisyMbol^mMt*' 
pulation^aysfcemV ie ' ta-be4i£ Butted t(^g^i*86i4mi iiiveft^ini^ «t*iftg*'.m«tM^ul-»' 
ation; ^i^'fe*, ^jirdbletts-itt tJfcichf'tMg^illiai4an'6ii»1i*ip#«aitttiBd in fehe fd 
of stringy of' s^bdls Wtih^dt itt^il-fiidatsing^ftMufe^e^lirligdeidti ined ^t&e ^- ' ^ 
processiAg aig6*£t*h»sw' fhe^€0Mlt 8yBteM»#fo^taes^al8tiifleJyet^^d#*fitil ' 
fo^rtiiff aal-fSr' deBd*ibiag '««ttng^^li4^ti€«0hB'J ay^ 

extremely ttsefulfdrd6BCribtAg-pf6c6a*ife8*8«cH4s';^a*'aing,^^t^ ^ 

ate--'ori seflteneei^'6f"natui?al^^liifigiiagew--^'''-' 'sjf."=-:o szlvrxyi-j^: ,'.{:■,.■ ^ 

LlSPi the iatt|tiiBg¥ uSiftd £h 'biSe ■ of kHe^%bov^ ^ti^ife'i4rn"ai(iBwere4?a i^and 
the one chosen for programming SIR,wa«-oi?i|fMliy eleBfgiiea»eo^be i^ fdt-i i 
malism tiBeftil fdf sttidyltif thi"iytJiemAt:igai "fifdi^ 

symbdltc 6xpti*SilionB as Well as uiefut ik-i |iiiriti<i&l«p^6griu*M3trig'fcy«tem!j ^ 
LISP {jfbgtams ebnalit df fttnct JdiiB i r athet '^ fchafi*^ i ei^tffetife ei "6 f ^ ttiat r#i t&A^ ' 



* See reference (^J^fpiTf.ciff^p^Gio^M 9^oJ-l-fl^PS9<=^^i^?8ol?^f §9^- WFf - J«;. 
detailed descriptions and comparisons of these languages. 



■.f-wjjr-,,-:-:.,-'^ .f. -.■.■:;.-,.- - ■ . -.■■ ....■-.-'■ . --,.-<,M-,--.-. :---.-r^,^r^s;-> ,-.^ 1- <f =^'~wa -'^.aSJ^^i^jKi^-.,'?* --"— :r- -s. "'-ys^'^s'i^**^-^'^- 



d1^^f»i ,<^B«;, t<^, d^pcr^^i ^^bpfti»fia ^ji^fim^iFti ■.*Sf^-A^'^5.!¥^;: -^j H:^,^-^8 . : • • 



veniences such as the use of mnemonic symbols and the automatic main- 
tenances of available storage. .-JsvIariB IsaljfcnKuG-.s :• lo;: 

frequently arise in the chosen representation for the model (see aec- 

3) »mfe-"E^r--'f<^iiiift^w-^AS5i«syi^f^'%eft^ i«ilt#J3'f«^"-«(N«*4bei^ 

the recursive tree-searching procedures ^ich are an important part of 

In iftf^WM*^ ^?^^r«»»4r tff SIR, tXJMET "i^* »i*«i' ai# tf^^^^itHSflS^dti^KP 



,380 >u 



translate from English sentences into a function form better suited for 

LI^ ftlis^fi'^' rio**^^>^i^/^ %itHi¥ ti^'Miipy*'<¥tf«nJ»5-'-i<ift{cMhg^lt^ 

finally chosen (see Chapter IV) could just •*# i«»Mly i^*^i*fte*' 4»4*^KP^' 

the =proJ>i«m» of Ar^Y^M *y9*^J?iei:^ 

to the LISP language. ,.■;;■::;,.; r. • M>y » -..iS'iJ ^.s.J.v : s oi 

B» .;^r^,As«pjCiatlfl»,-, Models ,j:.;n:,n .-nui l;.;:Ki;;t-q : <if. i-:- j v y li ';-^-- -a !>t --' 
preyl5W»! fP'*«>ter 4emp^t;r*^eBf,J:hat;j m^ ^^fj^^t,^^^& ,^oX Jfsd^lp fpj^ 

* See reference (4) for definitions of list-processing terms and more 
detailed descriptions and comparisons of these languages. . - : j Id 



'-^VJ^-^^',^^^?^^^I?«is^C^vSf^vfe^"^^^^^^^^^?^^^^..*--j-' -^^ Q*"> "-'^■^ -t^ ^ - i a. v^:.d:m*'<^^-^-:^^^ 
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repfrfesehtiifg the- tttffeiiffitlM'ttf'lK^HMf^ext?!**^' I^ 
devei:ttifr"-iqueBtloin-an^e4*±^ 'sylrtri&ir'kiRfcliPSirjtt*^ wSf^^ttf «fn>ro^dhi;'^xi!U:' ^-i 

ateiy'i)rt)«feW8 tffre tfe fSto^ tf TEoii^lryib «l^iSa?«M*aia<^ tiu«St®>ttM e^i« 
be answered tti^iliMjr; 1>lft <^ttf 't!*B¥«S5r' l|^fc¥«^%^K»1)¥' «ttfe' fftf<«fiiiataR)ttfE 
in the intiiit. ''At-'the di*!*t -dcttA^ aite^tSia^^'wl^ *hl^-^^!««^'^y#i^s 

ations ^|l:^rrt.«^j^ejifei(jwi ^^j^<^,^^^ l^^fig^/a^ <l^fgm^^gi ^9}]p5»ljled(jln 
complex grammatical analysis. .^aB^oje •.[dBilfivi^ r,, id:>r!Bfre- 

like behavior must 11,% iwti^W)® Igys^ j^if>rj«ttj^pMM»T?^o?3*ii^X«. t# noj i 

I) The model organization should be genei^ ^^1^ t^^e «ffi»«fia s^i J 
in a wide variety of subject areas, yet the stored information should 

be 8peoM^a*»W«I^J^«J>% <^; m^^ ^^M-mmm M^^ <IH«^:ft«^-«im««9l«?«fe fiT 
process. 

ii) The effort involved in the question-answering procedure should 

of retrieving answers from the iK>del. Ii«ither Job must be prohibitively 

Model!^-'btiW^\iptitt wd^i-'-ara' yM^-^'i^^^&AmiiS'^^^^lk.^hSs^'^aimiilk^^ ■•'"•^ 
for meeting these requirements. .issunfui ' iM H- 01 

Words are the basic symbols in most natural languages. Certain 
words, usually verbs and prepositions, denote ti^i^^€iM&hif '-^it^dtf <^al- ^^- 

obi'iiitsV ^^ht%«'iB^^ri^f^taif-^6¥^^^«w^ft^i^^^^tr<y^'-i^ the 

ations between words to represent relations between those objects or 






classes. ,3....-;;^^ _ _; ,,;<*;!} -',■,, ,ir:op flBfimo'l hfm ::» i-?n r irr : r-.p-J< ',,">,,.-< c-, i, 



■ ■^SW«^'.t?^SBJ!SW^^™—'SS'^f^R.»^> -^l^.^f^S^J^^^^.i^!^^ " tC*.—-^ -"- •* 
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Before describing the kinds of assoctations actually uaed in the 
SIR model, 'ir^ufl consider a simpler iword-assoctation model structured 



solelvby class^ifcTiiiiOT T'c"^' anl^aiin^^ "~| 

This nwdel^fwhichVas consideijed earlyi in tht8.,*Bl>^8tlgati*n, has certain 



( R-iiiii/l 



possible apolications, but alio hafs signtficiit drawbaqpts wK|.ch pijevent i 
its usfiTn^flC ~ TtlLs structured as ^oTlOTF?r te^ X ai^ Y be words 
whidh denot^ the objjects or classes r^reaented by| ^ *"** 1» respectively. 



}.ii\>n} v.TfiiqijiE 



All jsuclf worc^s are (arrangec| ixj a tree, ^.e. , partially ordered, accord- 
ing ^o^tftie foji lowing rule: jX^CTTf HtfiFrxC'y _o^ rn|aa^artl|onnEo"" i 
thi4 primary or"2[e|-ing", l^rious kinds of seco^tary associations can be 
Indicated by special additionai] IIn|i".~ §Gpariyri^e"irefEi"cai| be 
partially ordered. For example, if x and xj denote the subject aiifd ob- 
ject, respectively, of a verb a i" * seii^(ince"^iy , we shall order verbs 

nod :{2.t3 0oi 
by the criterion: a<P if, for all objects x and ^, xoy Implies xpy. 

For intransitive verbs, the criterion is a-^p if xa implies xp. Fig. 2 
shows such trees for some words fr<Ha a flfst-grade reader (29). The 
parenthesized words were not in the vocabulary of the text, but are 

L - -.-. ~-^- . 

included to motivate ijhe organization of tEe tree. 

Having define^ th^ tree of noujtc-^ind the tree of^v^rbs, I inust now 

^-A-. \ __ _ _/ ""^^ , Lj. _ , 

complete tfhe nwdelby'^Iining Connections between these tfwo trpes. ] 
Although a formal tfotation f^rsuiffiTcrb^s- links could be defined, for 
present purposes I shall simply give the following examples of state- 
ments describing cross-linkages (with respect to the node-labeling in 

JA^rW. ;''*i:rAi:XS'':,A -'flow A :S anlDI'I 
Fig. 2): 

i) Any noun below node 1 is a suitable subject for any verb below node 1'. 






M> 



a: NOUN TREE 
something 



rain 



r 



toy @ 
1 ^ 



. 1 i ... IH 



vehicle 



boat see-saw ball doll 
Betsy-Lee 



TTl 



train animal 



airplane (helicopter) 



kitten pony rabbit dog (4 



; ip 

J? 



r.io i ' 







(human) 



■n 



man child (woman) 

" ' r; -I ' ,f 9:> f|;.>.,hlw 



J 



J r\ f :|o?..- 




r 



puppy 
Jip 



r 



_ Fa ther Mr* Carl boy girl 

t .t--" XJ .'>IU% gfi.E wo J Ibl 'Mlj,; C 

■ I Alice 

\ 

Hother 



(farm animal) 



^.^ — ^ I Jerry Jack Mit^Ma, 



Mac cow (chicken) goat pig 



rooster hen 



r~" 

(move) 



I 1 +■ j 

run jump hop fly 




b: VERB TREE 
do 



Cil 



I " . X * . l y ii '" 




eat see laugh talk, say 



mew 



FIGURE ?: A WORD ASSOCIATION MODEL 



..«^f^^f^=5^'^f>^».-na*------ ■■■■■ ■:-.'. ■ ■.-■■■■ ^.=:..v.-^-/>,--.-.r-^'.-^-.^v--'--r^— - ^^t-^w^-'>5^^-,^"»^^ig^ft[fe^»e-3s#^£-^.i^)Sfc^ 



'*{^fiM:f„'^--,"'„'-.^:Sr-C»-r -,-■ ■> 
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node 2 \ , , 

Ml) Only nouns below nodes 3 or 4 may be^sufajects for yerbs below 

tSS ''Ho^tki '^rtdd^i, "'ed#dsed ■ of "^trti^ ^il^tlr^if M^^iiitU^i ''kbo^it '' 
their jposeible coimections, is a representation for thelflli of aft " 

poli^l^^evlaif i " it^mer ^libt^irit '¥^l«MtFlhg-^c^|^ti#^¥''ta^- 
ledg^^of-e!irwd^fd:^^~W¥ 1^ have'^^^-iecK«S£l^"ldl' ^l|lkai'V«^'"&^6t^e^^l^' 

or '^BmM^mAe6i^%rie^-'SidpUiM'eiMJ^%S"iii^imMi^ " 

a ^i^lf^^^i<*'W^ei%«il^M, ''ihi'-'piS^ii'muU iimy'i^e ^ir^^ei^i"^' 
a "tK#i^W^W«clai^«!^e^i:i!oa^ mi'Mi'MeU'^^i'iM^iM^Uld'''''''^ 

just '*d^iivibt^^''€d''ehi%6m0ii: ^i^^^^f^^'m^'iiM^'sf^e-''""^ 

ments could ^e^^bi^^^l^ br^^^^^'t^«^^»^J^'t^ SSPMich-^ii^''"' 
the thread passed. Such a laodel would be useful in a pragnatic system 
such as Abelson's (7), to test the credibility of 'Wltit it "f s "t'of^.^^ Tt 

could idei«k:f3)^'8«te^--Wf i?eif'"^ 

which would add information to the model i ^^a^iiJt^ Hu "oul^'o^ t^^ * 

quest ^tr.-=-^'#e ^t^^^i^ ^^f ' VeK^C^i^HS^m^i^ W^cMse 

many ufi^^f ^ii^/ii^ "^ i&,^kf tt'^he-^y^fyUi^y^ d^*^ rn'Miiiimi' 
reia^ti^s ^id^l&rf^x^-^lfh^*^iMi^l ^^J«l^^^ (f^^i^ mii'-'m''''''''' 

force the cross-link statements to be much more ccmplicated. The verb 
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groupings, In order to be ug^^^l,, mw|t;^^e 9ar^fvil|^^je^^9|^d. «^ggo^^|^g . ^ . 
to the ill-defined restriction that the resulting configuration allow 
simple and useful crbss-lihic statefients. ' This may not always' be piof sip j^^, 
and certainly becotRes ^re dij^ficii^ ag the .^wgfe^r of ,r^,lat4pns 9on>,. 
sidere4 increases. 

The model used in SIR is a word-association wdel si^iilar in ^fKWJ^ , 
respects to the one just described., However,, the words. a^'e linked in , 
a g^n.eral manner sio tti^t n^^.par||9ula^^ ^eUU9n| |^r^^mft||^§^|i^|,ft9§jR|^^^ -.,,- 

completely; jau|omfl^ica^ly. , ^]3e|cr|^t|^^ ^|. J;h^^^^i<^r pf p«irti^ji|J^^M . 
relations, which roughly correspond , to the cros^-llnk statements in the . 
above sys^tem, are programmed into Sill rather than being part; of thei . 
model. Se,ction D below describes the actual model used J.n SI^. , 

C. Semantics and Lqgic. , r. * 

The Structure of the SIR model .wa§ oartljr laotivated by .the . , 
structure of models in ma|h^t|cal^^^(;^^,^ Jht^e^lOjal^ 
sent the ;^^qii^^',,c)C ]jO&|9^| ^t^^^p^^^^ J^^ h^^^'^^^^^- 
tician "tl^ink" a^c^t ^is ^^robl^^ ^i^ .^^|mi^ i^ij!f»l5 ^.Mfh ff^f^y,.. ,c 
is supposed to r^^^ t^ '^a^^g^^^jj^J^^^ri^^jai^^^^ ^, 
help the program obta,in answer? to joueatiojis. Let i|,a take a more , 
detailed look at logical jopdels. 

The "semantics", of jnatheinatical loaic; is ,tt»e study_J3f models for 

(corresj^ondtng ^ ,tl^ dfm^f^J^ ,l«^g^^^,^\^^^ «i4,; i^^each ^ . ^ ^ 
logical predicate or relation, a set of ordered n-tuples of individuals. 






set cotvti^onMafit^ i^^iWi^eim^ ''mt iW«pl«V^-«'lic>«^ •«•»a^■*-•■l<H{*ciO•t■ 
and m^^^ df' JoWi^**f ^«4^ --^-^e^pfV «a*-itiStei»W«fiSi? i^m^ <♦*<"-: -'^-^ -•■ -: 

studying certit*^ i»t(>i>^4Srf«iV- J4«il^lMr^*ibi^f»l^^&&y'^ftii«^^^i<^ 
the associated fo*iikl^^y««bs.»n^ aids 

in proving ^««Slfeuiy*" «*o4f«!i»iV ^ lttl5^«# tiife' ^pbiWibl* lSAeSS&t4ifti*?sv3 
between ^rt^ti^WlmmH!^.^■-''V:i^ mm W«:*e* 

sulted^^'fc^^^fesfe l«ttfe*P'|»irttl»l««i,*^««cht««3W rii?J«iifi^feli«*«e itf d««^li a 
oping a qt^t^n-«hllArta«f*lg^sy^^€i4V7a- ^aofr- odJ ,0 :,;■; avi J '■..-: r w. ; ,1,^ ,yrri 

is a gootf^-ma*tl«g'>«ifte-^^^t «''<i»i*«*a«to-^^ -• ■'■ '' ■'"•- 

However, c«*^li»^^i*>dlflta*ibfw 4*%f'ne>o**^^ ^isaift*^ W afte^ Iftt^efitfed ^ 
in conversational- ibilltrl* ^Ae^ ««M^^^ tftiW ^^*4*«!»t«feSi*«^^ i*^^^6^^ a; .? -; 
model should represent concepts which coflBK>nly occur in human conversa- 
tion, such as set-inclusion and spatial relationships, *?iiit4ttst tlftit' '^ 

abstract mkit^amtic^P ftapei^:i^^9^' " P*ir«i*riifcM-^*fl5tltef #^dg3=^lMibdel , 

the st«t^^at«<)«l«-'h«v*b«Ht'^-tt-''t^^ fo**""'«s«sfcmifl*igJ'tfe***lcta'^^^ 

extens iott#i or Ihe^AisiBtesicier i« «ie^^ imdV, he^<ea? hn^ pve^kni^BP <©€ tl*'~^ 



%.*,^<iiilfc*g--Si(^ii- ^~< . , ^t ,-u^^E^I^?^ v^ ■?> 
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relations. jLnyplvedl. , Ji»£*^ if i'!^^t^*i¥l%<l*fi€ftl*a*ra;^^?#i84/i¥i. 0^04,,^,..,-^ /, 
aCb ^n^ hCji #f#f Ix^fih Jn j-tjhe nppvl^li^ tfe%,^^»^j)Ba^[f^(|ltti^d i^^^f^im^ ^ij#* , | ^[von 

tr^e, sfi^temiBRt).!, Jxcp <t|>e }?uit(;.-l|ft^kflfl?4#<ig^5^^l^ 9)|(Bj^ 

trar|^ibi*?«.. Filial ly,ifpr i?e§^<?»»:fpf>,|y>5ii^t^[^4ifp^:«tfi(^^ air«^ ;.jr 
ject whicluiB n^^ cpiw4f|#i;a4, A», IjM^j-Jjpa^p ^pf^^f^.fif^tSfcis^. imo^- b..a 
tance i%a pp^^pjtif^ ^scppi^er jfyft^a^ iffiE<y^^l^^%?j^ atyjjjt; j^ljyt^oas .-sj, :j ? 
must,^p (»W?S aa%il^ aqcesjpiiae^ha%iife vjfigu^^^ g^ ,^oo)KL^9|6#d .s^lpiiJyjot 
of unordered sets of n-tuples of objects. These cc^^^^ati^ip il;^,,,^^ j 
to a choiije a^ ttie <tes<;rii|}|;ioin-144Sfeic^Byi:yyy: 

assqftlftJrf>n,#o^,5i^9d la §^5fl?^ i,H,.^^^,^^f\q^j-,:, . y.i y; t. s 

Although ^c«Qe^ ldea§ 5j»ere -hc^pi^jTf roi%,JL^>^ , 

syst;eB»ft,j SJP-iirft npjtj «y^^fcyLy; 4§f^e^ 4^q^<#j^.|ftpa(yi,l9i^=fi^a - . , ,q « i 
mechaptem.. Ini(|i^dw, jth# pa^'lr ap^,d£*»riIW:c^¥»ffl8.#*^Si*5J^ld^^ ,4^^^^ ... ocf 
wer£ 4#^igiied acftf^^ngutp iiv^(»;ip],^4;^|^}:i,«gj|Ky j»r^o|Li>|;ji^ a£.|5f«9i>fl-:r3j; , .. 
ing, which I believe to be the most conj^^;]^^^ t^fp^^^^j^ifffLjiSftjip ; gr.joo 
exp^lMnental, flyetffoi f or Jtfxt^li^sS^^s s pppv«!f%*|t;ifflfe J>ft|s»#e3:V) B?a?^n^, 
and human b^iit^p, Qnpe a wojO^Jtf* #ysJ^»j|i%P *^njiffe6»5^1ppp5^^ t 

cai:\ try to extirftct f rpm i^ a^ 3regSl##JL..l>aP:^ Jfti:tikfisn%r*d>iH«5##fk > . i v ; H 
system. Such an^^fX.f^ipn i,Sj tjtifei^^^^t^j^^ ^a^i^j^.i r,n..< a i ^ c ni 

D. The.^^R -llpdel, ^. i;w:>.. .■. -in. ;:',i...,; ..:,.c.. •■ . ., -: && ^'j-^.. j;.,;.; 

:u;^e, S^aijipdel .|:oi:vsist#.,pf,«sor4^ja8^>?il^|:©^,^fft : . k. 

through, pa|^td^ifcl«|C.cj^J.»^iK)n#,i 3»^f^feei^^^^«^c^|U^jL!C^FVB^ ;aa:*B<r^l^^ , - 

"d^9cri^ti|.pn-lia|^^, e^iitEiapi, I)a,!t;l^a f;fqf^oit|[ ,^31^4 -^^ tjiet, : , y^ ; . 
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the use 6i umh>€im-niti ^ w&e§umioi^tmHi^'i^iii4»^itm^ot - - 

pati'^^ot'^tleiiiAt8?^i^a'gfie"^ferifctte'ft8€«ii i88dtfi€e4^«ttfi^« ^It^igtiJitr-- 

object. -fHe-^firfec'ief^tteft^ rif-aagB^T^i^^^'^a'^tfie"fi«ag^d^^iri- At£t-ibtite -^-'-- 
appm»itiH:<i i^eft^fs Wf-S^Jeeti, ^ina^€lilFiicgfla-^ifii«fit^df ^fhfe^piiii' ^^ 
is the value ai ^€ iteitimk Ost tfie <^ii«e^«^f<lr*Ki^3"Pe#' eiwi^Jir'^" 
if '^^ Wj^tf f^^fcfe ihiii<if "J**, fCs d^«<^i^iFlti^^iiie^*l^i-^tint«in the 

The ^ifcfi?«th^^''3?»^f#'-:at< dad-«ti«er*-^«iWta^ '"'^ ' 

by €^^ei^i'^i'€fh''ititmt6'''mi,^'^m^mi^iBiB6iiim '■' 

or tk^^^i^^^Ste it 'aiti^^'^i^Me^^i^k-^ktm/'^imimig SiHe^Uhotinikns-'^''- 
is capablW of ^Iryc^^^^tfcM ■i'*^.iU§'^%ii^^mtimiMg''itifiMtii'-''^''^ 
«f^ai«i^'ti¥ '»^«^^ta^St'^e'<JW^t6yd by-t!^ '^'^ !:...! J i:n.m 

SOUND . MEW, Cmm. . (BLACK, WHITE, YELLOW, BROWN) ,' ^^^^feSSlr'^, * P. 
Note that, since the color of cats is not unitiue, the value associated 
with COia^ ie a-litf^%l'^^os»i^Sl^i6^'^aM^^g gigri fi ^i a fai ^^ Paren- 
theses ■^ttM^^tW^lttkt'^e'Witlt^^^li'** &i c^tfl:W*^fs^^8M^f«"el«kent^-^-^"^- 
of the dest?^«i^<tf^iiiei^*-' -''''^■' ''''- '^' ''^^^•-^'-^^ ^'^^-^'S^'^a nr rroy^.^ q .. d:Jrw 

ing thy*t^'TJlm<*^5^tf^tk€^*Pt (^>' i^tW^iwiittil^^t^F ^^'toimniMil-' ^''■ 
every l^tf ^*rtk l^t iii^ kh ktfsc«flitt^ afelSi«ri^eionJ^ff if ^ ftti ii^tHiikitMP 



^^jj^-aF^' 



^; 1 n ■ 



which may name arbitrarily complex I?i,,sil,| ;jtr^^|;}|yef ^. ^%i^.m, 
operations can add pairs to description-lists; others retrieve the 
secottd glfflyet^t,of,a,B^iir,(S^ya^ye),9i^the»deagy|g|l^^^ 
first eJ,ea,ent4|^e,a|;iFr^b,,|e>,,94.5^^^^a»e o|,|i|f .||^in^^4,^^^|^i,^ 



';iajj 



An attriljyip SaR.91»l}r,9i<fi4j:,^^ce>09,»»y .Q,^^4e|fti;igj;|on,^||^ 
"'^^^ ''^^^ia^^^f^^ibut^^ ,fin ,^,df 8ci?^gUon|Uf6 lisAi«»9*^e4. . .T^m. . . .f u. 
descx;ipt;iQn^ligt,eB^^ti^RP .<|4m^J^t^„|n J5^^j^t4i^e,,^r^ ^^^ 
arbit?^*^ 4^j.eript;4^e,^9i^ra^t;f<W fca: ^^ ^fifiip^^ ^y^ct, ,,j,, ^,^,, ,, 
I Tlje US«..6yftt,,,^2^;^,ut;^^^^^ -^B^operty^l^ll^'^i^ ^r^.u^^ed^in ^, 
much ^|^^.^^e,^a ,*is,I^,d^«C?^lptii^^.U^|^^^^.,^ 
objects are individual words oifyl^^om^^^^^/.^h^ ^^^^^^^^^ 

LISP ^^^%'^%m.y'm.^ffh<^»^^b?m^,Mm^,%m^ ,ri 

value p^ira,^AJ,fe^<i^ ^?i^8|^^;y.»a;«?^t^,t%,|«^J^a^^^^ i^^p^ 
operation^ .pf .thf ^L^^g .ijptem, ,p«?Bf,|y-ii9fe«^^ii^5^,,|^^ ^ 
modified by the e^o^ra^pie^, i;b#^4%l ,|f^^^«^ejld^ »»?p.|,Ji^ 

.of ^propf«fei^-.l.i^s. ^:,.T,.,,,._, ,.,,-riv 



■><rB > si 






model ,^8n.t:o..a8^|ftt,tlje„<,oTOUt|^r ^^ Hii4^r^ti^,5^4^^a4^g^y.p,^^^^ 

with a person in English sentences. SIR works onl^^t^ ,&:^^^ _, 

.•entf^n^es ^ich,eQ08^i?; ?£^9?d,ftj#,t<ai,.^,u^ r^ ^ofei^c^ ^ ^^s^es 

of ob^^^t^^^r^j^^s w^M,c^ ,fx^^^,^,^t^,^^ 5«rt«'^?»^RftJ^^?m. s 
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as the itidlviduat el^tlietltS lH'a idrtUat s^»tiaav^tllte^tfKgie-'ifel*tiM««f1p'sf - 

between bt^jects iM tUki^fM' d;i^i6ip^''h>'^t!iik''4iliiUni'"6i'^ 

tence is l^teM^tedii ttii ptdtssr df ^ecdgaiSittg «ie 'o#j|ycW M^tHfe 

Th». prbpefc\eli£ioifi'i6-'uAe 'U'frfe4ii4fiti3^-'d4C8^ 

preposltioiiB lii the <iriten<ie, aM"th6 ^^^n^t^tefi iH ^fic^*^thi "dbtect^^ 

exa»5»Xe.;'(il^^'v^rB'**^l'''tii^lirdeC^rifti^^ 4''ii4l^#ii«liati. "'^tri^ iT^itii'^ ''- 

names o^"^eIlt£otf^;' M gl^t^'' wd^a .^"i^^i^tMlc^^Ml^^r^Mtatigft'^f -^" - 
thl8-''*#pre8^£a€ion'i:i '4l'folI<*W8i''-"'Sfi^ ii^'^agociited'-ti^ '"' '^" 

the imdeliiim^rti^'m^ta^ 6f \g||¥i^^l^'^l^''tti!i?i-|l|r6M^nt;i 

ill', .< ., „ 
a statement ^ich "means" that the object or class denoted by x ft 

as80ciat^'witK't1sJ''o^i^ct''ot clasi'dlittltid h§^^'^§-^B^iiii:'8i''ihi''ielai- 






tlon named R. 



jQj nBiTTiia 



Th^ ^rbcedure icrf dl^elfdptrig dl^ ^f^ri^dif ^4^-«odif^ittd ti{^- 
assoclated storage and retrieval progr«a» was mppt^tMieif'^aLi 'iott<jw6: 

A Iingtl'r«litl6n ^■^'*et-Inetusi;bn----«»s'^^n'S4^ aA'-^ 

easy concept to recognise from English text and ilillld^( fii^fitfei^eiy ) 

repr^s^ntfttlon v^a then found which ade^ t ^at^ly i' ie| >ye»qftf^ed'^_<?he - »ol a 6|t<> ' '»l 
Information, seesi^ general enough to mddel ittinj/ o^il^tiiids ol t'ell^*'^" 
tions. and also had connectivity and accessibility properties which make 
it useful for question-answering. Progr«u» were then developed for 
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re9,g^iziQg , sente^gi^s which de§l with t^e .glye© jrel^tJ-oi?, Ijjf , their 
syntactic farms C?e^. Chapter ];v); selec^in^ r||ey|^t^ vp^d tpker^p ,. , . 
from th,§ ^ei^tences; a^d addiw^ to, ro94ijyi^g>j?f,4fei^rchi|i| the model. ^ 
accordii^g to the results of the recogKiit1^o^,p]:(;|c;e||., The j^earch , 
progranjs §,fe desjignedtQ "know'Vthe pecyliar_ji:Qpf^|J.fs,o| the , ^ 
relatipn heing aeai^qhed, ^,^.» transitiyit;y or refl^x^yit^. .There- 
fore,^ special set of searrch programs hf4 to be written for each 
relatiou. Each time a t^ew coiic.ept oi: relati9p,,waS; added to the system, 
the abqve pteps were, repeated r That is, the ,bafi|ic,m9clel structure 
was generalized, if necessary; new 8yntaqt:l.c recqmitipn form§ were^ 
intiTioduced , and existing one^ modified if any ambiguities had beeq 
intr9duced; iaud search and respqase prQgrams for %l^e new relation 
were written. Search programs designed for relations already avail- 
able in. the systeia were jnodified A^en t^e old and jaew, relations ^ 
"interacted"* 

The relatiqns included in SIR were chqser^ because they demon- 
strate various aspects of the information normally conveyed in 
human conversation. They were introduced iQt,he following order and 
for the reasons stated: , , 

aj), Set^inclusion, because it is one qf the most basic relations 
of wh^chij^peqpj.e are^ware, , r , ,.;... 

^l>),. Part -whole relationship, beca^jse, altlioijg^li It is sig^ntfiCi^iitly 

* "Interactions" between relations, and the structure of a modified 
systei? which is easier to expand, are 4iscw^sed ,t^ ^hap^ter VI, 



^v-^,-^rt(t*-i»-3fer^ 



_ ' ^•gt^-f^y f ujpfl Mftwr afr^ -I ««vs,^si«»j~-w#'*^i(a{;j^;^jj&ijg«. *»*-. ,>e«: 
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different 'from, it interacts strongly with the set-inclusion relation 
and has several coanon properties with it pemittin^ the use of coBnon 

■f.'lJ vr.i, HiJ-. -UK; :ij..j ,i,i ^ f t>;y "' ' t«ni;,i:: .dviol ni) ^ juU _. :: -■! ,J,;d 

subroutines. ' 

■:H ■■;i-!^:i3« i-rt-j^ji' --rij -■ .. voir; ;■. h-\n x o3 iJ noJ3i..-;n ;;i: .-;-., iiK ■,- 
~c) Ntaaeric quantity associated with the part-whole relation, 

since it is not a new relation t>ut rather consists of special descrfp- 

■!■,'[ .(vi-ii^K bm: i i: ) 1 'A '-'r ^ 1 i: -.(fno i:>nh i.r ?1 "j (?< «i ji^^lJ daui; Bj-^r. 
tlve information which must be carried along with relational information. 

d) Set-membership ."because it i« closely related to 'set- 
inclusion but requires attention to properties of individual objects 

as well as~~classe8^ 

,i:',:'; jJo,: . vi '=>'.'j;JDOf:i;! ■;*■; ,-/ or ,i ^ ;,-, ::)i3ii Y:)iCiqo:rq ^jtj no :i:i:}udi si'a -i, 

e) Left-to-right spatial relations, to see how the chosen 

model works for a different kind of relation for wtoich there is a 

.h.tj lijv :'3iv i-as ./i^fl'S** sd.Llqnu (x)/^'3':; "^'^^ ; YiBaas;;-!-; ai , h ;j?mf.n 
different, more natural -appearing model. 

f ) Ownership, since it is quite different fr<w» the existing 
part-wiutle relation, and yet frequently is specified by the same verb 
("to have"). It is therefore a~ suitable subject for an experiment in 
resolving aiobiguitles. 

3) Model structure; The basic objects in the model are the 

.I'HO'iiL; •siiB':: rju I £/- ?:«■ Jl 'T? j.s s!r! fr^dl '%-5rj;fi-i ^ri3 xo ii-igi'i ariJ oi J=^^m_ 
words which denote real objects and classes. If an English statement 

is interpreted by the sentence-form recognition program as asserting 

.:;; .;-.;,'■ ■/ "T'f ,■■;:. ;tc 'tfl ; oi (?(.■..;) ,"riSj'.) i.liic 'iijj gfii bbs yd b-^jf;-; H::/: i: k.; 
that relation R holds between objects or classes named x and jr, then 

this relationriilp is represented by placing attribute-value pairs on 

the property-lists or both x and j. EacH attribute specifies I rela- 

tlon, and the value of the attribute" indicates which other objects are 

related to the described object by means of the specified relation. 



■'^^'^r- 



to 
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Since in general relations are not symmetric, relation R must be 
factored into two relations Rl and R2 so that if relation R holds 
between x and ;^ (in logic terms, if (x,J7 ^ R), then one can say that 
^ stands in relation Rl to x and x stands in the inverse relation R2 
I 2* One may think of Rl and R2 as mappings from individuals into 

sets such that 6c.y) ^ R if and only if y^Rl(x) and x^R2(y). For 

. ^!'- ;.'';;.' .5 ■)''■" r ^ rTuji Jai 3':t fi ■ ''■•' jij/oti: :->i™'v,fc :,> r:>d iJawir; ffahdw iju ; Jew:! , : m.: i,-:-: 

example, if R is the set-inclusion relation, Rl is the subset relation 
and R2 the superset relation. Rl and R2 may be named by the symbols 
SUBSET and SUPERSET. In general, the symbols naming Rl and R2 are used 
as attributes on the property lists of x and ^, respectively. Note that 

if R is a symmetric relation then only one mapping, which may itself be 

:> rc v"':_ ,j ■'■:■_ .m lo'i --■a:s\'i }•., InirA Insioliib i, ";c-; -']>'-:'.v; -.^^bv,'', 

named R, is necessary; for y^R(x) implies x6R(y) and vice-versa. 

If one and only one object can be in relation Rl to any word x> 

r^i' '':■■: L/.-^ •ib err. ^T ji. '■•-:!/: ti.'^ oiiup si :.m- lonia r<Ji;<"2'^v'-''^J (l 

then the value of attribute Rl of x can be simply the name of that 
object. In this case I say that a t vpe-l link exists from x to ^ 
following (or, by means of) the attribute Rl. An example of the use 
of type-1 links is in spatial relations, where only one object can be 
"just-to-the-right" of another. If the system learns that "The lamp is 
just to the right of the chair," then the attribute-value pair (JRIGHT, 

JTBffl'- :K; Ja :--'■] I -Jill r.t, ; < . ^, :^ ^ ..; £ I ■;> i:f!B ii3'j3ldo i&'il yJOiJsb li'^rriw ab-;viW 

LAMP) is added to the property-list of CHAIR, and the inverse relation 
is indicated by adding the pair (JLEFT, CHAIR) to the property-list of 
LAMP. 

If R holds between x and ^ and also between x and £, type-1 links 
are inadequate, since there can only be one value corresponding to a 
given attribute on a given property list. However, this value may be 



. •• ■«>— f»?l*:5Sfc' " '-* - "»^««»»Si*"»* 
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a Hat of object-names instead of just a single object-name. In parti- 
cular, we can make the value of Rl a list of the objects related to x 
by relation R. For exa^le, in the set-inclusion relation we may learn 
independently that every boy is a person, every girl is a person, and 
every MIT-student is a person. The value of the attribute SUBSET on the 
property-list of PERSON would th«n be the list (BOY, GIBL, MIT -STUDENT ) . 
This type of linkage is called a type-2 link. 

Occasionally descriptive information pertinent to a particular 

jCSiigxS i-j:Uii ;-iOJL!DQ'ro oi ■:v,it-j jjJ ,r!OJ: .tBfisTolii.i IsnoiJBisi ;5::'i'.i br.B 
occurrence"^ of a relation must be represented, in addition to the 

basic fact th^t the relation exists. For example, "A person has two 

hands" implies not only that a hand is part of every person, but also 

that in the case of "hands" there are exactly two such parts. This 

i^i ff7{.,h< )v>;; j hry, i-'jiflido--; ' Bv :■ t 'i J--1 biK rio... ji;. 1u3 » ■■7q\; J af!:; io '^m^bfrKr 
relation can be handled by using type-3 links, »rfiere the value of 



f which is itself a property- 



an attribute is a list of items, each of which is itself a property 



',- = ;■ T<y. 0(i.::.-,i:.y:Li:^n 'yr: './li.iTci odijfOBao i > k--;h i .laioErT; y.ra^ us 
list. The first item on such sub-property -list a is the flag PLXST, 

■jIliAi ..ii icnfiYu Cj oj':. '! 'V^ .ivj/'fv/ ^jjlv'jb '^nj bns tiiyrdo:ia aj iaiugril 
which indicates that a property-list followf . NAME is an attribute 

on each sub-property- list whose type-1 value is the principal object 

on the list. For example, after the systwn learns that "A person has 

two hands" and also "A finger is part of a person," the property-list 

of PERSON would contain the attribute-value pair: 

( SUBPART . ((PLIST, NAJ&, HAND, NUMBER . 2) (PLIST, NAME, FINGER))). 

-I'io on: Iv ,11 1'Lii sii f ,"*3Bv vi^iv^ flJeurx/v nl .■j3 juaracj vs.; ^nle,^B^»^1^ 
In the interest of generality and uniformity type-3 links are tne pre- 

d(nBinant mechanism for structuring the model. 
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Chapter IV: SIR Treatment of Restricted Natural Language 

.,_■ " ^ - :;"■-- ': ^..'■'■',1 >.ri, -r, j : £ J^ ic 'iifj'^v o/b s-ns'-' ni-.:i :iw .'[Blwy 

SIR must communicate with people: therefore the input and response 

■-■•*•— v.:^.:*. ■ , ,,^i,.i£;3'' m: : .h; : '.:,:,' tic art:* n..: ,uiuiS!£X" "c- ■■ : y- no.'c'ji.f;:'; '/'^ 

languages of the SIR system should both be reasonably close to natural 

English. Since SIR utilizes a relational model, we are faced with the 

'i-'-'- -''■■■•■■ ^..i'^:! .t ..ip-'r .\;:; a.d:^ r' ciuLbv aril .nos^jq s «i Ju<3r>i;;f;-' -TIM ^^s^ja 

difficult problem of extracting relational information:: from:, natural 
language, text. 

I am primarily interested im;the ability of a computer to store 

-"^iu--;--- ^ i' •"> .: ;:■--., ^ ::!■; vc nui Jsru^oifli dvJ:3qiiOk:>{j v 11 t-nf,-/ SJia^O 

and utilize relational information in order to produce intelligent 
behavior. Although the linguistic problem of transforming natural 

language input into a usable form will have to be solved before we 

•■'Sj.- :y:C .::-;•■ ,■:■ v-,,--, 'i,-- t-jr.q p I: bnEff z .Ss-ifl vino Jon a*:- lJ q'rfj. "^bnj;r' 

obtain a general semantic information retrieval system, it is inde- 
pendent of the representation and retrieval problens and therefore is 

considered beyond the scope of this paper. 

-'- ?">-J'i; -- -:• iiv::Ji :- ;. .:ijj:;Sw 1q d'iBO ,3xso,;i lf> :ini.J s rI ■juJ!7:!jB nx, 

In this chapter I shall describe briefly the background for the 

/I'---'" '^ ' ■ .1"!;; K, ^: :■•■:. 1 "'J2 -n)qo-\q~duH naue no cJaJ.L :}kij.j '>i;^ . isi ! 

linguistic problem and the devices which SIR uses to bypass it, while 
still utilizing understandable English-like input and output. 

A. Background 

'^■■''■' ' ''i' "■■':' ••'■■ '•■' "'.i.i■^"■' V :. io :iJ:-j ai 7Bgfi,rl A^' otlt; bna •■;;i>fi£<i ow:} 

In the past ten to fifteen years much research has been done on 
the structure of natural languages, including English, for autcmiatic 

processing by computer. In virtually every case, the form of the orl- 

'-'■'"'"! '>•'-■* •■"'■- s^' 1 ^ t~-jqxz ■r:i:-rtL;ijr<u ime, v:3ilsi$nsg 5o ^a-^JO-ial t,ilj nJ 

glnal text is restricted or pre-processed in some way to make it more 
amenable to automatic processing. Some of these studies were mentioned 
in Chapter II in connection with existing question-answering systems. 



- -•«'«iK'-«W3fa:^|*^-4 "«■ t--^ *- s*4^&^fe''^««'^«>- 1 
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A recent pape^ iy S^brk'l(^) Surveys S^Mrlt^tis ip^jfdiciii^ iAel crdta- ■ 

text. 

graniMtiiai ^trucM^8-6t^^^h^^^iekeiieirtar^|ai?p&i8.^^l Ifngai^tfc^-^'"-' -^^" 
analy8ti^;"'fikfiaMiir£MSiaet6i4,"6if'^ili«8lfii^^ •""^^'^'"^ "^ 

dictionaries''&t^|Mft8'*<if"'sMecH'^ahd"g^SB^8iaii--'M It-e^gitt^^ifly '^-^-'^"' 
employeir*i^'^iisuait^"fto'--i^iilidSrliiiiM''iS- gtV6A"i8^Ehe-"tiiaftMg^"^in ■-'-•^^-^ ■ 
any acceptaSWifeftil 5«-^ttii-¥etti^^*''mfeinlfi|«r^<it t!i5&^#d#ai itid^^i^a^es'^^'^^^'^ 
involvea. 

A J^g^k^mipiiSn'-i^^the-Wi at'«K4-M«ld&4l'^mieati^^(j! ^fei^S^^^ ^^'''^' 

is to dit^i^ftl mMiM d-^iiHii^^iiiirlwiieMiit^li' s^ef^i^ct-aai^ftfiSA^^^ 

about geoiiiferiiai tMki<insiiiirih"k^ gSM'^M<iti*e;-ti8i^a*e^ift¥ ''^"' '^^'- 

"meaning" or'thi^'^efti^Mri^^cHiliiial^^ ifil^^iSleififriiedHi^foHfSlfts^^^^^^ 
late the iiili8A^8entiii6^' iftfera^bgiial^ltiliAidfe^iii^Stvi^^^glitoetrt 
predicates^aSl ^^M^ito'test^^lle't^ttth-^bFlhi'^lbpMl^a^^nt^tir''^^^^' 
determl^inl-^whi^iiiA kr tilMiii^r^^liifl^a b^thfe'lto^ciiaWmd^i"-^ ^"^-'^^^ 
for the given picture. 

In the SIR search and retrieval progrwas I fm concerned with a 
problem similar to that of the picture langu&)i:i»'AiiRil&:'"^MiW*i>i ' 
translatin]^^ %^ofi/'fe&^iir W-a f feWrfifti«a^ltMeAytf "^ 
mining-i^me^'*elS8i^S^r*^tailfi^t'aftte8'%fi¥^4^^ ^■^""" 

the WiiSdefis tf^&lta'it*^iir% aMttft*tte<^ 
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"picture." In tUf pS |)rstffl>. tbf ^pi^oce^s,,^| tirfn|Jj^|^^a,|rom^^^^ i:^..^^ A 
English to tU^ l^Ogiaal stal;^gpit., invQ^T^e8,,u||^g^ ^g^^liBtii phrfse- ^.^^^ ..f 
structure granunar for a fragment of English associated with picture 
descriptioQSr., X^^s i|^aBS UUe an exti^^yggajit .^ppyoi^h^ a3.t)^ouglf^^it .,, 
may turn ,oh^ tp^b^ ^^e.,gpg^.fee^t.,^fpab^f gf je^^^ajj^zati^ |he. ., .^j.,,^„ 

present ygij^jon p^ ,§;B^j;.,ai|,^|; ^cgngfrij^d Wji,|^^^^^n||yu9|j^5g, j^ formal.^, ,^ .^ 
logical f tat p[j.ent qf t;l^e,,i^e].|t4QP,|-rfCO|giz^^ |]fon^|h| ^Eg^l;}.^^^^^ , . . ^^ 

tence. ,^Jnst;^^4, J^e recpgnij^^n gpgjfi^i J|j|§gly Jnv9|^e ,the,^?^prp- ^^ . ^^^^ 
priate^etp^^ge, Qj rgtr^je^al^ ppgE^^^|j^^.de|J^^.^>^i|l^^^ttie rflati^pg, .^^^,^,^^_^ ,,^^. 
recognized. I call the process of extracting relational informatipn , 
from Eng;^^s^ text. 'legspaipt-Lp.^ljrsjLFjg.", |^g,^N|§.,wgrk,^^|8^|;tfe|d^a|^j^| ^ 
pointy §at8oO»^ .r^tl^F ??^?ysiYe,3pgpf|Jh,|Qr,o|5g45}^g thji,|.|e|^tfgnf 1^,^^^, 

form and ^p^d.meai^^Bg^. . B#ich^nb*§^,^Q4;|. ^Jf^gf ,|lf:^ ^}^o^4ig-, ,, ,^^^,^^ 
cuss thf3SgBian^ic,par|4^g,^5fpbl,^j aj^^^q^&^^a^^x^^^^^^pllwa- r.^^j.^,^^^,, 
doubtf41y^l3?, d^y^;9g^d.by^|^!n^?;iistj^|0,^5^e,,n^|j^ .?f?^i? .nj =3Jb? 

significant, aJLjtbpttghp8P^s.ewhat^?ufprisii?g, that, t^e^s format- 

matchingKfpgrp#c|i.,VisejJ,,ip,j$IR, ^f 4^|^Jis|^^. |.pr|iart^.| bfl^w^^ is ^^s^^^ ^ ^ 
effective as it is. , 

B. Input ^entence^9pgjnit ton .^„ ,, _.. , , , fi.,>. 

Sip^^Pive^ |lje ,^^5^4c, psj-fing^ffobf^ ^y^^je|^og?i|||n|^ .o|il^ _a^ ..^ 

small numbey p| ^^ntepce^ iorppg,. e^^h, of w,b|9^^ j|>rj|j^|^dp in |]peci|^ 
ways to p,w:|i9ula^^r^«^Jat^p^jB. 7h^^ ai^pw^f|U^,^»^^|.Jan|u§ge i^^^fi ^ ^ . 

by a list pf |4j^^;e^9l3^.p,l i^ recpgp4.m.^ an|^.9|>^||-|||^ uj^n. ^ part|- ,_., , 



.tiTI 
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culsr £orm of English sentence. Each sentence presented to SIR Is 
tested by each rule in the list. The first rule applicable to the 
sentence determines the action taken by the system and immediately 

9ri:J OJ J2'( .::r:h ,'■;■;:::•> 'lUfrfr-ro:: -jnE ;-jS93 '/.vilidBOi Iqqfi ':)dj io dili;^''i 

invokes a progr^a to perform the action. If no rule is applicable, 

,ti;}i "noxi'ifc" 9ri3 juluT odd io Jibq J-!si 
the sentence is ignored, except that the system makes an appropriate 

-ioi J:.:':'<'i K JO ariii.iv M.ii ui rt^ii noi3D5 -sdJ 1o rJnsmsJ-i latji oi'V 
response (see Section C). A new rule may be added to the system, and 

3f|j ■■■d \}jiM>p-'i noi Ji, < ',qo :dj raioiiyq o:i iabum 9riJ no ;jr; 1, iiw rijiriv; 
thus the class of recognizable sentences may be enlarged, by executing 

the LISP function "addrule[x3" where jc is the rule to be add^. Let 

us consider the use of these rules in detail. 
1) Format matcniiaig procedure ; 

The. four cowpeiateRte of a rul# are a fop»at > « list of the vari.- 

ables appearing in the format, a list of applicability tests , and an 

.noi'j'jnui 
" action" list specifying the actions to be taken if the sentence satls- 

31 'iOcl A)'' ( j.>n'.??<r..3 m* i '!'■■ gniSTsq ol3nBm"38 -iiii ,9JqmBX3 'io'd 
fies all the tests. The format is simply a string of symbols which may 

be words. Hie list of variables contains those symbols which appear 

(;"'-;a:> HA'} fri.aBi (ISA i>i/0 (Y X) (7 A 21 X^) 
in the format which should be treated as variables. All other symbols 

in the format are constants. The first step in trying to apply a rule 

sii'j :. t ,..:od !■: uu 'CiT. "■^'' '-..to ''ZI' BinBisH': J Dri:J sauBaad "(M03>. I'j A 
to a sentence is a "similarity test" between the sentence and the for- 

^•::ii-ia ->d;. 'ijiw h^jci jcn - f^ si X 'ildBiiBv yfiJ 9"rOi;;i9fiT .isbio soLia 
mat of the rule to see whether the constants in the format all appear, 

riai-v. j.ciT.-fjtJ3 s \:j MP.:; 'Hi' r.. "1«A^' "..^iOaflKI i^" riliw Y i'"fi "iv>S A" 
in the same order, in the sentence. If they don't, the rule is rejected. 

If the sentence l^s similar to the format, the variables in the format 

! 1 d i "XHA'' li.. -.lii^v ."'■■* ,'j?. +1 .yJaiJTS g^iiniiabffi nt. h': rijXiiw 
are indent if led with their corresponding substrings in the sentence. 

Hie applicabiiity tests are then applied, one to each substring 

:ioi-bi£L, -ii '%T3A'' ,inj:u ,i ■; .i-oi v,i ] I irfoal Jqqp 9mG3 ':>rij ,'joGO ^.rrij nJ 
matched by a variable. Each of these tests is the evaluation of a 

•'•r:! ^■.i:.L,'i 'ij:,-^ n^ ' ;i'-dJi;r; A'' uO e> ''YOfi '"." aipii'iJiKius bsiJolBf.- riJiod 
specified function of one argument, the corresponding substring. If 
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the value of any of these function evaluations is the special LISP 
symbol "NIL" the substring is considered unsuitable and the entire 
rule is rejected. Otherwise, the system composes a list of the 
results of the applicability tests and communicates this list to the 
last part of the rule, the "action" list. 

The first element of the action list is the name of a function 
which will act on the model to perform the operation required by the 

English sentence: create a link, test whether a particular relation 

.i.: ^.,:A}:,. :.■■' : : ; ! .., 7 ■■•:: %£ X -j-iyiiv? " [ k] Si ua fabf ^' ;/oj, :)3njj'l "Kli on:; 
holds by checking the existence of certain chains of links, or extract 

certain information from the model. The remaining elements of the , 

action list are functions which, when applied to the list resulting 

■„ytx!^ ■ '" ' ' • '••■■'■- " ^^i'-Lirl- '^ 3"^ SJjJ-t * "^^ ainanoqao:: luol srfT 
from the applicability tests, produce arguments for the main action 

function. 

■■■I.u,;: >■;..:-■:■--, .'■ ' :•- . '.::: :.''' ■..._; :::.''^1 ;:'K ;,!^j iini ■,; i i';:- 'r;i Jail ''ni^_J,i.-;' 

For example, the semantic parsing of the sentence, "(A BOY IS 

A PERSON)" would be performed by a rule such as 

((X IS A Y) (X Y) (ART ART) (SETR CAR CADR)) 

ioi':<:^- . '.::._;<• i[A . -M ..!•-, 1:7-, V A& b'jjGdSi oe i)ih<jiib: iioUr,:. ;K,a-.fol sfiJ ar 
The format "(X IS A Y)" is indeed similar to the sentence "(A BOY IS 

,[-n >:., ■'■'Jfy.if- ... ■ ,-;..x ■ .. .u q^j-^i jaii' vi'L , i' in •.,>.:' aou -yi:'. Js.irroi aiij ni 
A PERSON)" because the constants "IS" and "A" appear in both in the 

■ ii.i' a';j :-•:■.., jmjin:::!- •;.n.:. n-:j';»i:i<J "'S^o : v :'i mliHu b" a ^x 'i:.';.;-^ jrirt ■! b oj 
same order. Therefore the variable X is associated with the string 

"A BOY" and Y with "A PERSON." "ART" is the name of a function which 

tests whether its argument is a string of two symbols, the first of 

which is an indefinite article. If so, the value of "ART" is the 

second symbol in the string. Otherwise, the value of "ART" is "NIL." 

In this case, the same applicability test function, "ART," is used for 

both matched substrings "A BOY" and "A PERSON." In both cases the 



■ -M^^^t!w«;4*i. ■i.'-cN-'--- 
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results of the test are positive, so the values of "11ie~Ewd evaluations 
ol "ART" are "BOY** and "PERSON," respectively. The system then composes 
the list of these values "(BOY»^ PERSOU)", and proceeds to the "action" 
list. Here "SETR" is the SIR function lAich creates links indicating 
the existence of a set-inclusion relation between its two arguments. 
"GAl^' and "dADR" are functions irtiich obtain the arguments for "SETR" 

by extracting the first and second elettenti», respectively, from the 

-ii--\ V- i"-^r,«j . nfa o?'It ;-;7 "-/tiCi" -tr' 'vxil io Jii^int,!:;; ibIudI JiEc, amoa isjil-:' 
value list "(BOY» PERSON)." After this final function "setr [BOYi 

PERSON]" is executed, the model will contain the relation* information 

which the rule extracted from the sentence, "(A BOY IS A PERSON)." 

^'ao3 -iiui i^n' rsl \:\^ e ax s" .riioi sdj io -jsrmoj. '-ixgnli: b a-jdu HIZ 
The recognition scheme does not distinguish between declarative sen- 

tences and questions; they each have their own formats and corres- 

:jrij '^o 3---i.n 'jclj cj ^niL:^^u^■ii-rxo^ ,jlall nolaul jnl-Joa s lariJiy BoJsaia 
ponding action fuetions. 0^ course, the effects of the action functions 

osii o-j '.,,:i... bnoqauiioa , injj ijifis Ji-drniiiri-rJes £ -io tanoli639T:qi93ni jvode 
for questions are usually quite defferent from the effects of declara- 

tive-sentence functions. All action functions, as well as applicability 

tests, are programs which must be provided to the systfim along with> 

SB !ij:.? .: I <.x yiuBxiiiv v>.! 'y .:-ji-An -gals jz sdl ill yloaJ":!!! ->«1 "io STuJBfi 
each new rule. " 

Fig. 3 is a listing of all the rules included in the present ver- 

sion of SIR. The symboI"Q" is to be read as a question-mark. The 

significance of the "classify" function. Is explained in, paragraph 2 

below. 

lipjri'-^ '. . . " bi.;i ;. -iK jiinLr«:,-5 :io Jf.dj ei 9^s3 ani JaaiiJJui io;a /-, 

■:.b-fijrf "jjj -o ;.:yiixnK'j::, j;ij o.t ■•jub a.l fioiiaB L^iiaab ni viiugiau.B "'i:i 
2) Ambifflitjes ; The above translation from English sentence to 

bs i it- J3b-:.':c..,:rr ;,jjieu /(i b'>vj.oadi -kI 3onrfeo Y^-i'^sidme ns daufi .bavJcvixi 
action function'can work only if a desired action is uniquely deter- 

mined by each format. This is not really the case with many of the 

formats used for one of two reasons, which I call format ambiguity 
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and semantic ambiguity . 

Format ambiguity is a programming device rather than a true ambig- 
uity. It occurs when a single format <and rule) is used in order to 
save space and processing effort, even though several formats would 
be necessary to uniquely determine the required action. E.£, , the 
sentence "Every boy is a person" specifies that the set "boy" is 
included in the set "person,'" while "Hie boy is a person" specifies 
that some particular element of the set "boy" is also an element of the 
set "person." These two types of sentences could be uniquely reco|;- 
nized by the formats, "Every x is a x" *iid "The x is a ^," Instead, 

SIR uses a single format of the form, **z is a ^v" In the rule com- '. 

■■•■'if. '-y.: J:.. .• ■;*'.)!- 'i.'Vi'vd d8Jo;.;fi,F isxa '.iofi ""lob iJT9d:>e (loui's'ijoo'.-'.' 'sr:! 

taining this format, the "action" function cannot be one which directly 

-'r..vO' ■ ■'. i;ir„j:o';: rrvo liarlj ■^Vwf! fijs^ vhcIj ;a0oJ:3f:yi-:; una :^'!Dno:- 

creates either a set-inclusion link, corresponding to the first of the 

; ■■" i: :;'^r-^.;' wk ''■-:■ •.'vi lo ::\.s->'jl'b! "jij ,3aiuo3 10 ,snoi:!Dyi p. J .;:>;:. ,<j;i ;. -ja^^f 

above interpretations, or a set -maaber ship link, corresponding to the 

second interpretation. Instead, the applicability test is the "classify" 

,;- n :-!,.. .;J Cqoii ,-,■. I ( n ,.; .-,., .''dnlJHiul ('oej:>£ ii'A .SGOJ Z^Sirar'- ;, :.rr":; rn^-' ^ oy i.t 

function which trannnits to the action function an indicator of the 

;;.;■>«' ■iiHi'''- pTiiev "'M > ot O'-i >lvoiC ^-iC 1«sj:f rh-irlw a^H?^:jj!f= s'~ ■:rx' ,sn:^"jJ 

nature of the article in the string matched by variable z, as well as 
the noun in the string. Ihe action function then used is a "select" 

type of function which resolves the format ambiguity by examin;Liiig the 

,.r:^T .jr!z:^-(ior;U.--!Ujj i. c;. IthO'i --.d o1 si "p"Torf-nvp orlT ,nia ;',. aoi:: 

indicator supplied by "classify" and then invoking the correct action 
as a subroutine. 

A more interesting case is that of semantic ambiguity, in which 
the ambiguity in desired action is diie to the meanings of the words 

involved. Such an ambiguity cannot be resolved by using more-detailed 

f-j-^b vfjiJj-'inu ar jioi'if. l);>iis 'ib ft, 1] xinvs >l~izy^} itsj nol:;;-jfi/;l noj sj> 

formats. The example implemented in SIR involves the verb "to have," 

■)fi;} 'u /;)L,v iljj-,v o: -■ j '-rll vJ'.fcsi :tor, si a i i^T .:ifinnc3 i'dev \':i :--',.m!j!;j 



1"^ l'^ •* ) IX ^) (CLASiIFY CLASSIFY) (SETR-SELECT CAR CADR)1 
ilia X 3) IX) (DECOMPOSE) I SETRJ-SELECT CAAR CDAR)) 
(IX OWNS Y) (X Y) (CLASSIFY CLASSIFY) (OWN-SELECT CADR CAR)) 
((DOES X Own Y 0) (X Y] (CLASSIFY CLASSIFY) (OWN-SELECT CADR CAR)) 
((HOW MANY Y DOES X OWN 0) (Y X)(SING CLASSIFY) (OWN-SELECT CAR CADR)) 
(IX IS Y PART OF i) (X Y Z) (CLASSIFY A- CLASSIFY] 

(PARTR-SELECT CAR CADDR]) 
((X HAS AS A PART ONE Y) (X Y) (CLASSIFY IDEN-1) 

(^PARTRN-SELECT CAR CADR)) 
((ThERc ARE Y ON X) (Y X) (NUM-Y CLASSIFY) ( PARTRN-St LLC T CADR C«R)) 
((iHERE la ONE Y ON X) (Y X) (IDENl CLASSIFY) 

(PARTRN-SELECT CADR CAR)) 
(IIS X PART OF Y 0) (X Y] ((LAMBDA (J) (CLASSIFY (ALAST J))) 

CLASSIFY) (PARTRO-SELECT CAR CADRI) 
((MOW MANY Y ARE TH ON X Q) (Y TH X) (SING THERE- CLASSIFY] 

( PARTRN0-5ELECT CAR CADDRl) 
((H0« MANY Y ARE PARTS OF X Q) (Y X) (SING CLASSIFY) 

( PARTRNQ-SELECT CAI? CADR))- 
I IX HAS Y) IX Y) ICLAbSIFY CLASSTFY) (HAS-RESOLVE CADR CAR)) 
l(x HAS w) (X w) (CLASSIFY NUM-Y) ( HASN-RE SOLVE CADR CAR]) 
(IHOW MANY X DOES Y HAVE 0] IX Y] (SING CLASSIFY) 

(HAVE-RESOLVE CAS CADR]]) 
(IX lb JjSI to THE RIGHT OF Y) (X Y] (CLASSIFY CLASSIFY) 

( JRIGHT-SELECT CAR CADR]] ' 
llx 15 JoST TO The LEFT OF Y) (X Y) (CLASSIFY CLASSIFY] 

I JRIChT-SELECT CADR CAR] ) 
IIX IS TO imE right OF Y) (X Yj . (CLASSIFY CLASSIFY) 

( R IGHT-SElECT car CADR] ) 
IIX IS TO THE LEFT OF Y) (X Y] (CLASSIFY CLASSIFY] 

(RIGHT-SELECT CADR CAR) ] 
III5 X JwST TO The right OF Y Q] (X Y] (CLASSIFY CLASSIFY] 

( JRIGHTD-SELECT CAR CADR) ) 
(IIj X JoST TO THE LEFT OF Y 0] (X Y] (CLASSIFY CLASSIFY) 

I JRIGHTO-SELECT CADR CAR] ] 
1(1= X TO THE RIGHT OF Y 0] (X Y] (CLASSIFY CLASSIFY) 

( RIGhTO-SELECT car CADR] ) 
(lla X TO THE LEFT OF Y 0) (X Y) (CLASSIFY CLASSIFY) 

I RIGHTQ-SELECT CADR CAR] ] 
ll«HERE lb X 0) (X) (CLASSIFY) (WHERE-SELECT CAR)] 
llftHAT IS THE X Qt Y Ql (X Y) ( LOC CLASSIFY] (LOC-SELECT CADR)] 



FIGURE 3: SENTENCE RECOGNITION RULES 
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which may mean either "to have attached as parts" or "to own," e.g., 
"John has ten fingers" vs. "John has three marbles." In a case of 
semantic ambiguity the "action" function is a "resolve" type function 
which once again has the task of resolving the jAb^gMty and selecting 
the appropriate subroutine, rather than performing any action on the 
model directly. However^ the? aii^;|jB^gy fil9^|t:"b,^: r|^s|6lted on the 
basis of any infarmatio»-wai4abl«i'4o;^h^e(|fi^l^|j*l^i^)i^^ Instead, 
the ambiguity resolutipi^ dk^fx^^^^\^'^-^\'''^^'i;'^ii^f^^ the model 

which were created-on t4ie'1>«sls^^f 3^*;«^|j^^i„i|ni^|^i|ybU6 sentences. 
Section \CB of this paper contat:«s «oittf '^X^^^Hi'^'*^;^ 'discussion of the 

,.- -"„/ r '. - * • 

processes used, and further dtseussioir^gf' ||4^)4t^j,t3l',:Cdn be found in 
section Vir-.D. - * .' .\ ' 

X 

*. - 3 

•J- K ■" 

^ A . ' - 

C. Output: Formation end Importance a£^ Ite^j^JEi^^>^ 

As with the input language, *SIR ftVOJ^,^ ,.t^i^:^0.bl<e»s of natural 

^ L > r 

C A M ' 

language processing in its responses. The response mechanism Involves 
a set of built-in response: formats. Although some generative graimnar 
would probably be needed in a larger system, these response formats 
are adequate to demonstrate the use of the model and the ability of 
the present system to produce intelligible conversation. 

Some of the responses are complete prepared statements, such as 
are frequiently used as diagnostic comments in modern programming 
systems; j.^., t«|-^Majl«F«»^&^vl=»Mtyi.t^lWil'\ecognized by 
the present system," which is printed if no rule is found to be appli- 
cable to the input sentence. Other responses must be completed by the 
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programs which use them before being printed; e>g4> the fonni,"I don't 
know whether*** is part of**," whrichi* printed, atfter the **'s are 
appropriately replaced, in response to cert«^jl<iue«t'ions about part- 
whole relations. 

One principle used in programming this system was that SIR should 
always make easily :uadef standabliS CiepiQirCft of Itii .actions. In parti- 
cular, it should never fail to act on a new input s^at^^ice without 
presenting a reasonable explanation for its failure. J^plementing 
this principle turned out to be easter than expected, for there always 
seemed to be only a small number of possible reasons for the failure 
of any one search procedure, and thus it was only necessary to provide 
a few response formats '^aad p^o>graiit8 .touae thoii^'V these responses, 
in turn, not only improved the conversAt^ional all iil^y and thus the 
apparent intelligence of the system, but also<>^ea&ly'v^£ded in Bebug- 
ging. .SIR> in effect, frequently tolff fie I^Mt It was ctoirig wrong. 

The conversation shown in Fig. 1 was produced'by operating in an 
abbreviated -response imode in which SIR only pflftts dlreidtly rele- 
vant responses. The program can also operate in a. mode in which SIR 
provides a runMng commentary of Its activities, identifying functions 
used and commenting on every link created. Alth^ogh less readable, 
this full-response mode was a significant program debugging aid. Fig. 4 
shows the output for the dialogue of Fig. I in th(*'iail*e<rffl«te full- 
response mode. ui i , -J 
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I THE NEXT SENrSNCE IS . .1 
lEVERV tor IS A PERSON) 

(THE FUNCTION USED IS . .1 

SETft- SELECT 

IISENERIC . SOY) (6ENERIC . 

(THE REPLjr . .1 

VMM S«i#iNCfIOWUSK) ISi^ 

SETK 

ISOV PERSUNI 
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II UNDERSTAND TNE SUMCT RELATION (ETKEEN MIY AND KRSON) 
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lA FINGER IS PART 1» A HANOI 

■THE FUNCTION USED IS . .1 

PARTR-SELECT 

llbENERIC . FIN6ERI IBCNERiC . 

ITHC REPLY . .1 

ITHE SUt-FUNCTION USED IS . ,1 
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IFIN6ER HANOI 
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lEACH PERSON HAS THU HANDS) 

■THE FUNCTION USED IS . .1 r r 

1(2 . HANOI leCNfRIC . PERSON)) 

I THE REPLY . .) 

(THE AUIYE SENTENCE IS AN«UUOUS •• PLCASE RE-PMUSE III , 

I I HE NEXT SENTENCE IS . .) 

lIHtRE ARE TNO HANDS UN EACM PERSON) 

IThE FUNCTION USED IS . .) 

PARTRN- SELECT 

IIGCNERIC . PEtSONL 12 . HANOI) ^ . 
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1 1 UNDERSUNB THf, SUM>UT-aP-EACM ULATIM UtMUi NAM AND HRUMI 
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IIHE FUNCTION USED IS . .) 
HAY«-IESOLyfr ^ , j 

W.t*t«»n«(iiilte£i3^)P«lt ."-ud ,diu:::i 

ITHE REPLY . .1 
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.) 



,'D9'- 



IIHL NEXT SENTENCE IS 
, UPHN IS A MY), 

ITH£ FUNCTION USED IS . .1 
SETK-SELfCT 

ITHE SUR-FUHCTION USED IS . .) 

SETKS 

IJOHN lOV) 

wirtSRi>ir?4n.)£ m sjoi,:;,'; f 4:, : .:, nt, i m&-i§G 

II UWERSTANB THf ELEHCNIS RCLATtON KTMEM MMN AMD SOY) 
II UNDERSTAND THf NfHRER RELATION HETMCfN MY AND JOHN) 



itkaQh 



■<n i s 



'B';:!3vnc :< '^.■u i 



,0q3^^■ 



I THE' NEXT SENTENCE IS . .) 

IHOM MANY FIN6CRS DOES JOHN HAVE 01 

HAYE-RESOLVE 

IFINfttR lUNIOUE . JOHN)) 



«li 



V, - 



y-j : 



nau- 



■Jnt)i;i:,-!OT oai 



ITHt ift^LY • .) 

ITHE ABOVE SENTENCE IS ANOICUOUS •• CUT I ASSUME IHAS) MEANS IHAS AS PARTS)) 

II KNUH THE SUPERPART-OP-EACH RELATION RETMEEN HAND ANO PIN6ER) 



:i-li:.j 



: {.! a E 



hf: 



(THE NEXT SENTENCE IS • .) 
(EVERY HAND HAS i FIN6ERSI 

(THE FUNCTION USED IS . .) 

HASN-RESOLVE 

(IS . FINEER) I6ENERIC . HANOI) 

(THE REPLY . .) 

(THE ABOVE SENTENCE IS AMBIGUOUS •• BUT I ASSUME (HAS) MEANS (HAS AS PARTS)) 



FIGURE 4: SAMPLE CONVERSATION IN FULL-RESPONSE MODE 



(I KNOW THE SUHEHPiRT-OF-EACH KtLAIION BEIUtEh HJi-lD Hu FlNUtSl 

(i KEALliE THE HUHBER RELATION BETUEEN 5 AND IPLEST NAME HAND M 

II KNOW THE SUBHAKI-OE-EACH RELATION OETHtEN flNGER AND HAND! 

(I REALIZE THE NUMBER RELATION BETWEEN b AND IPLliT N4«t UNCtKll 

(THE NEXT SENTENCE IS . .1 

IHUU HANV FINGERS DOES JOHN HAVE dl 

I THE FUNCTION USED IS . . 1 
HAVE-RESOLVE 

IFIN&tR lUNIQUe . JUHNIl 

(THE REPLY . .) 

IIHE ABOVE SENTENCE IS AMBIGUOUS •• BUT 1 ASSUME IHASI MEANS (HAS AS PARTSII 

II KNOW THE SUPERPART-QF-EACH RELATION BETWEEN HAND AND FINGERl 
II KNOW THE SUPERPART-OF-EACH RELATION BEIWEEN PERSON AND HANOI 
llhb ANSWER IS 101 

I THE NEXT SENTENCE IS . .1 

IHOW HANY AUTOMOBILES DOES JOHN HAVE 01 

I IHE FUNCTION USED IS . . I 

HAVE-RESOLVE 

(AUTOMOBILE (UNIQUE . JOHNII 

I IHE REPLY . .1 

IIHE ABOVE SENTENCE IS AMBIGUOUS •• PLEASE RE-PHRASE HI 

IThc next SENTENCE IS . .1 

l»HO IS PRESIDENT OF THE UNITED STATES 01 

(STATtNENI FORM NOT RECOGNIIEDI 

ITHc NEXT SENTENCE IS . .) 

(THc iJOY IS JUST TO THE LEFT UF THE TABLE 1 

IIHE FUNCTION USED IS . .) 

JRIGHT-SELECT 

IISPECIFIC . TABLE! (SPECIFIC . BOY I I 

(THE REPLY . .1 

(IHE SUB-FUNCTIUN USED IS . .1 

JRIGHT 

(TABLE eOYI 

( ITS REPLY . .1 

IGO^B'iO IS A TABLE) 

II UNDERSTAND THE ELEMENTS RELATION BETWEEN GOJUAO AND TABLE! 
II UNDERSTAND THE MEMBER RELATION BETWEEN TABLE AND GO^B^CJ I 
II REALIZE THE JRIGHT RELATION BETWEEN TABLE AND BOY! 

II REALIZE THE JLEFT RELATION BETWEEN BOY AND lABLE! 

( IHE NEXT SENTENCE IS . .! 

IIHL LAMP IS JUST TO THE LEFT OF THE lABLE! 

I IHE FUNCTION USED IS . .1 

JRIGHT-SELECT 

■(SPECIFIC . TABLE! (SPECIFIC . LAMP!! 

IIHE REPLY . .! 

(IHt SUB-FUNCTION USED IS . .1 

JRIGHT 

(TABLE LAMP! 

HIS REPLY . .1 

IGU28<>1 IS A LAMP! 

(I UNDERSTAND THE ELEMENTS RELATION BETWEEN GOJB^l AND LAMP I 

(I UNDERSTAND THE MEMBER RELATION BETWEEN LAMP AND GO?BAH 

(IHL ABOVE STATEMENT IS IMPOSSIBLE! 

ITHt HEXT SENTENCE IS . .1 

(IHt FABLE IS TO THE RIGHT OF THE CHAIR! 

I THE FUNCTION USED IS . .! 

RIGHT-SELECT 

((SPECIFIC . TABLE! (SPECIFIC . CHAIR!! 

HHE REPLY . .1 

HHE SUB-FUNCTION USED IS . .! 

RIGHT 

HABLt CHAIR) 

I ITS REPLY . .1 

IGU^8'|2 IS A CHAIR! 

H UNDERSTAND THE ELEMENTS RELATION BETWEEN G028A2 AND CHAIR! 

H UNDERSTAND THE MEMBER RELATION BETWEEN CHAIR AND GOZBAZI 

(( UNDERSTAND THE RIGHT RELATION BETWEEN TABLE AND CHAIR) 

H UNDERSTAND THE LEFT RELATION BETWEEN CHAIR AND TABLE! 

( THE NEXT SENTENCE IS . . I 

(WHAT IS THE RELATIVE POSITION UF A PERSON 0) 

( IHE FUNCTION USED IS . . ) 

LOC-SELECT 

((GENERIC . PERSON)! 

(THE REPLY . .) 

HHE SUB-FUNCTION USED IS . .! 

LOCATEG 

(PERSON! 

(ITS REPLY . . ! 

HHE LEFT-TU-RIGHT ORDER IS AS FOLLOWS) 

(CHAIR (BOY TABLE) ) 



FIGURE 4 (Cont.) 



64 _ ^^^^^^ ^ ,^^^ 

Chapter V: Behavior and Operatioti <3f 313^ ^ 
In this chapter 1 ^th&l^ j^^;^^^^ ^^^f^^fj^i^ll^ with 

SIR And explain the mechanisms which enable SIR to carry on its end of 

{ .^ j¥ii^ -M^^':'^ ;:>;■'': t^J-JiiSi-^' '■-■" '^'' ' ^■.-i 

a conversation. These examples can frequently bf^|(,b|^:e;f::^8«tnted with 
the aid of logical notation, sa^foriBal,,8y9|«|>J,f|.,wil,J,,fc^ Jj|^<t !^irtjen 
necessary. Explanations of the 8tan^j:;d,,lp^J^|.'^3|j^J^taaiefe; given in 
Appendix I. 

Some knowledge of the LISP (21) progranmiQg l^i^|g;pmgie>,mi.ghc be of 
aid in understanding the following pages. Rowj^Vf i" ^,J^U:.^it|i|ii||i4 be 

5H... ' '1. 
■■'.'5 .Jilt.. 

sufficient for the reader to know the "fcn[a;bl" t9j||;c|itje;i| 'that the 
function named "fen" is to be ift^lie^ ^ m«^^sfira«^8 or ^^^^ 
expressions named "a" and "b" as arguments. Thi» ^ime^icm of these 
arguments will have a value which is itself a 'sptbo^<^^'4||^|iP^ 
although the evaluation process may have side effects suc^-as changing 
the model structure or prdotfaftg- ri < wM M tmte a»t.'i3n.-awr<e <e<Hwriea>tJfc>aal pro- 
gramming terms, one may think of "fen" as naming a subroutine, and 
"fcn[a;b]" representing the execution of the subroatln|^ wicb "a" and 
"b" as input data. The creation of a single ■^iabeMbj>«3tpres:8ion 
called the value is the principal result of the execution* This 

-•"'"■*'""• . ' ^ * ^a ft . " 4 at- «A ' - 

value of a function, which is a'syabol^B «3t|>r«»8$odHr.8ulMtig from 
a computation, should not be confu««d!^id4:li> <febi^uva^«e<-oli an^Atetribute, 
which is the entry following the attribute on a pvep«rty<4^4i . 

i . -^ 1 ' :* ^ ' 

\ 

A. Relations and Functions. 

Each part of Fig. 5 is a conversation between a person and SIR, 
presented in the abbreviated-response mode described at the end of 






65 
Section IV. C. Each example illi|strates th(^,^!^^«ae different group of 
relations and their associated 4l9?.'fBiicMc«»-ltt-Che? SIR system. With 
minor exceptions the examples ai^e cumil|ti^^ ^.^^,,Uter anes freely 
use functions introduced earlied but not conversely, 'riiese conversa- 
tions are presented again as Appfendix III in the full-response mode 
which identifies fljejuactipna t*ed. In Fig. 5, the symbol, "***." 
prefixes the input sentettces; all other ra»a*ktf «*te' SIR responses. 

The remainder of tMs.f«P«;ioii ^re^e^li^J,^i^cf^U9n8 of.aU the sig- 
nificant functions -ttenttonedih Appendix III in the order in which 
they are needed fojr.tb,^ convej:?a|ions. The functions are presented in 
groups which correspond to the vfrious parts o| fig. 5,, and .which are 
identified by the p^ttkctpal "Sttr^bute-links manipulated by the functions 

in the group. ,, , . < | 

Each functitStt ti«8cf ititiori (io4sists of three parts: a purppse, a 

~ ' I 
method , and a procedug^ ., The. puijpose i8.>«*rief-«8ta««»fent Ctf the effect 

the function is designed to have.| The method is an intuitive descrip- 
tion of how the purpose should b^ achieved, and is usually 1pi?esented 
in a mixture of gngUsh anft J!,P&ic|al nofcaltion'lor "maximum clarj-ty. 
Finally, the procedure is a description of how th«*aM!tlWftd i«- imple- 
mented, and may be considered a r^gh flow-chart of ^ the , actual program. 
Notice that the relational struct|»re of the nateX is the key internal 
feature of SIR which enables the procedures to implement the methods 
in a direct and efficient manner. These methods , in turn, determine the 
degree of SIR's ability to store facts and answer questions. Chapter VI 
will discuss how SIR's model, methods, and procedures could be general- 
ized to produce a more powerful semantic information retrieval system. 



,-„»^W#3^T^«.-id;j,i-;;t!^ J ,-j 



•.^«i1MML«»0N 



j-l-^i-jp 



II UMOEHSfAMOl 

II UNOERSTMOI 

!•♦•. IS A K(YPUMCt».0»kll*TIM t PINSON 91 



. u ; I U K a 



,,; J.'i .■■ 



JS 



, a;:;i^,-10 yfi. 



19,IJ i.h'd r}'i':-,ius-:; j,n,: 



••••• IS A PtKiOH A PERSON 91 

^ l»»»r, J :|* » 'M««9 *H«H«4:,Ht-N ~ 

SUMtriHES 



c. ^^mVAUNCE 

l6M«4e IS A HANI 



:i . -,; ':-;i: 



lINiUfFICUNT iNKWHAnuNI 



(•••• JACK II A DOPE) 



II UNOUSTANOI 



b. SET-MBIMaSHIP 

■'^•••V'-'" Wit- IsA-liH-TOT*!"^^ "*''^ «i;OIT 



II UNOEASTANOt 

-M'- : .{J ., :f.; ■; .,- ': ■ ;:irn . 

I"». AN IM»-T094 IS A CONPuriAl 
II UNOEASTANOt 



!•••. IS MAX A COHPUTEK 



:o 5" ^la 



VES 

■••*. IS THC HAN A DOPE Ul 



(•*.. JOHM IS THE NANI 
It UNMIISIANei 



iu02«*s IS A lori 



II UNOEASfANOI 



!•••. EVEKT MIT-STUOCNT IS A MleHT-PMSMI 



_,,:.M.:tf"^«|t1(W:,., , -HB , -• :%inv.£ l&P biuoua ....... ..H 



'S I« MY A MlfiHT-PHlOV al 



II UNefWIANPt 



11 UNOEASTANOt 



!•". ' '■-is'fHt SoVa MI6HT-PEASUN Ql' '''•''■'''^ 
IWHICH HOY . . IG02M0 JOtMII 



l«»». IS THE NAN A DOPE SI 



■PERSON al * ■» •«» NAN A DOPE SI 

*»n*«rri; ■.c.i to ncijqj 



. lo ..^ 






FIGURE 6: «a.lECTia» CON\AEIISATION8 



, i.i'i Ji.^.!!. 



J -> iJ J ;.. ;: I 



^■j:::)£ !.1 ■/::tilicfi:> 



. I ;; : . 



d. OWNERSHIP, GENERAL 

(•••. fcVEKY FlHtMSN CIMNS A P» I i<-OF-KtO-SUSPtNl)tKS I 
II UNDERSTAND] 

!•••. DOES A PAlR-UF-KED-SUSPeNDERS UI.N A ^ Al K-OE-KED-SUSPE NDErt S ^1 
I NU •• FHtV AkE THE SAME) 

(•••• DOES A OUCTDR DWN A PA IR-OF-RED-SUSPE "*DERS U) 
IINSUEFICIENI INFORNATIUN) 

(•••. A FIHECHIEF IS A FIKEMANI 
(1 UNDERSTAND] 

(•••- DUES A FIKECHIEF UWN A PA IR-OF-KED-SUSPENDERS U) 



e. OWNERSHIP, SPECIFIC 

• ••. ALFRED DKNS A LDG-LDli-DEC ITRI G I 
I UNDERSTAND! 

•••. A LOG-LOu-DEClTRIU IS A SLIDE-RULE] 
1 UNDERSTAND] 

•••. DOES ALFRED UWN A SLIDE-RULE g] 
YtS 

■••. EVERT ENGINEERING-STUDENT DUNS A SLIDE-RULE] 
I UNDERSTAND] 

•". VERNON IS A TECH-MAN] 

I UNDERSTAND) 

•••. A TECH-HAN IS AN ENGINEERING-STUDENT] 
I UNDERSTAND] 

•••. DDES VERNON OWN A SLIDE-RULE U] 
YES 

•••- DUES AN ENGINEERING-STUDENT OKN THE LOG-LOG-DEC I I R I b gl 

GD^^B'.O IS A LDG-LOG-DECITRIG) 
INSUFFICIENT INFORMATION) 

•••. ALFRED IS A TECH-MAN) 
I UNDtRSTAND) 

• •*. DUES AN ENGINEERING-STUDEi^T OWN THE LUG-LDG-DEC I TR I u g) 
YES 



FIGURE 5 (Cont.) 



f. PART-WHOLE, GENERAL 

!•••- 4 NOSfc IS P*«r OF A PERSON) 
II UNDtRSIANDI 

(•••. A NQSIKIL IS A PART OF A NUSE) 
( 1 UNDERSrAi^U) 

!•••. A PRQFESSDR IS A TEACHERI 
( [ UNlJfcRSIANOI 

(•••. A rtACHER IS A PERSUN) 
I 1 Ui^QERSrAND) 

!•••. IS A NDSTKIL PART OF A PRUFtSSUR Ul 
YlS 

!•"•■ IS A NOSE PART OF A NOSE gl 
(ND , PARI MEANS PROPER SUBPART) 

(•••. A PERSON IS A LIV1N(.-CREATUKE) 
{ I UNDERSTAND) 



g. PART-WHOLE, SPECIFIC 

(•••. A VAN-OYKE IS PART UF FEKREN) 
( I UNDERSTAND) 

!•••. A VAN-DYKE IS A BEARD) 
II UNDERSTAND) 

!•••. IS » BEARD PART OF FERRtN Q) 
YtS 

(•••. A CRT IS A DISPLAY-DEVICE) 
II UNDERSTAND) 

l««». A CRT IS PART OF THE PDP-1) 

H.02840 IS A PDP-i) 

I I UNDERSTAND) 

!•••. SAM IS THE PDP-l) 

II UNDERSTAND) 

{'". A SCREEN IS PART OF EVERY Dl SPL AY-DtV I CE ) 

II UNDERSTAND) 

l»»». IS A SCREEN PART OF SAM Q) 



IS A NOSTRIL PART OF A LIVING-CREATURE U) 



I""- IS A LIVING-CREATURE PART OF A NOSE Ql 
INU , NOSE IS SOMETIMES PART OF L I VI NG-CR£ATURt I 



!•'•, A BEARD IS PART UF A BEATNIK) 

II UNOERSTANOI 

!•'•. EVERY COFFEE-HOUSE-CUSTOMER IS A BEATNIK) 

II UNDERSIANOI 

l»»». aUll IS A COFFEE-HOUSE-CUSTUMER] 
II UNDERSTAND) 

l»»«. IS A BEARD PART OF bull 01 
YES 



FIGURE 5 (Cont.) 



h. NUMBER 



(•••. « BOY IS » PEKSUNI 
II UNDERSTAND) 

!•••. JOHN IS A eoyi 

II UNOEHSTANOI 

[•••. A F1N6ER IS PART QF A HAND) 
II UNUERSTANDI 

l>>>. HOH NANY FINGERS DOES JOHN HAVE Ql 

lIHfc ABOVE SENFENCt IS AHBIGUOUS •• BUT I ASSUME IMASI HEANS IriAS AS KARISIl 
II UON«T KNOX WHETHER FIMliER IS PARI OF JOHN) 

{"•. THERE IS ONE HAND ON EACH ARN) 

II UNDERSTAND) 

l»»». THERE ARE TKO ARHS ON A l-ERSON) 

I I UNDERSTAND) 

(•••. HON MANY FINGERS DOES JOHN HAVE SI 

(rut ABOVE SENTENCE IS AMBIGUOUS •• BUT I ASSUME IHAS) MEANS (HAS AS PARTS)! 
IIHOU MANY FINGER PER HAND Gil 

(>«•. A HAND HAS b FINGERS) 

(THE ABOVE SENTENCE IS AMBIGUOUS •• BUT 1 ASSUME IHAS) MEANS IIIAS AS PARISH 

II UNDERSTAND) 

(•••. HOK MANY FINGERS DOES JOHN HAVE 0) 

(THE ABOVE SENTENCE IS AMBIGUUUS •• BUI I ASSUME (MAS) MEANS (HAS AS PARTSII 
(THE ANSMER IS 10) 



FIGURE 5 (Cont.) 



t »a*tfej-?v?2- - 



i. LEFT-TO-MGHT POSITION 



THE TELEPHONC IS JUST TO THE RIOMI Of THE BOOK) 



Ili02l*0 IS A TELirHONEI 
I&02»*1 IS « tOOKI 
II UNDERSTAND) 



THE TELEPHONE IS JUST TO THE LEfT OF THE PAD) 



lli02MZ IS A PAD) 
II UNOEKSTANO) 



!•••. IS THE PAD JUST TO THE KlttHT OF THE HOOK a) 
NO 

!•••. IS THE lOOK TO THC LEFT OF THE PAD tt) 

rLS 

!•••. THE PAD IS TO THE klCHT OF THE TELEPHONE l_ 

ITHE ABOVE STATEHCNT IS ALRCAOV KNOWN) 

!•••. IHE PAD IS TO THC LEFT IW THE TELEPMINC ) 

(THE ABOVE STATENCNT IS IMPdSSIKE~'i -. ■ < »"' """'s ,„,.. >• 

(•••. THE ASH-TRAT IS TO THE LEFT Of ^lllt -ItBmV: j.^- « 

((i02B4> IS A ASH-TRATI 
II UNOEKSTANO) 

(•••. THE PENCIL IS TO THC LEFT OF THE PAO) 

Iba2a«« IS A PENCIL) 
<I UNDERSTAND) 

- , : .». «'T«. ?-f!;j ?«-. . • 

!•••,. •, THk PAMR U ,«] tW Rtail <«|P TNC TiliCMMIIItl , 

l&a2B«S IS A PAPER) 
II UNDERSTANO) 

(•••. WHERE IS THE PAD 01 

iJusT TO TMt'Rfw af'tm m a n te m t' «■ s -i 

ISONEHHEKE TO IHi RICHT OF THE FOLLOMINS . . IPiNCID) 

!•••. WHAT IS THE POSITION OF TNC »«t Q» '• ' ■:*«'" . -> ' 

ITMt LEPf-TS^KIBHT OWm It H MIUMSI u.aw -.» 

■ASH-TRAY IBUOK TELEPHONE PAD) PAPEKI 



■ '^V- Jit If 'I. 
(Hi f ! 



(TO FURTHER SPECIFY THE POSITIONS YOU NUST INOICAIE MMRE THE PCHCIL IS KITH RESPECT TO THE ASH-TKAV) 

(•••. THE BOOK IS JUST TO THE RIfiHT OF THE ASH-TMY) 
II UNCliRSTANO) 

(•••. MHAT IS THE POSITION OF THE PAO 01 

ITHE LEFT-T0-RI6HT IMMR IS AS FOLLONS) 
(PENCIL lASH-TRAY BOOK TCLiPHONE PAOI PAPEKI 

(•••. A TELEPHONE IS AN AUOIO-TRANSOUCfR) 

II UNDERSTAND) 

!•••. A DIAPMIAGN IS PART OF AN AUDIO-TRANSDUCER I 
II UNDERSTAND) 

(•••. NHERE IS A DIAPHRAGM Q) 



(JUST TO THE LEFT OF THE PAO) 

(JUST TO THE RICHT OF THE BOOK) 

ISOHEMHERE TO THf LEFT OF THE FOLLDNINS . . I PAPER) I 
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Ope ration of functions: 



■ ., ,!>4Ai8aat-;:j T )'• .^' 



a) Attributes: SUBSET, SUPERSET 

1. setr[x;y] i , , 

purpose: To specify in the model that set x is included in set ^. 

method: Create a type-3 link between x and y which Indlcatep set- 
inclusion. ,t 

procedure i':., ' '■ ■■■--■- ^■■''■- ■ -•,'-■ -'^ ^ i~" • •-"■^: ^- <■ ■ ■.>■■-.: 

a. Add?!(PElSr NAME x5« to the valQ6 lltt df^ Attribute "SIJBSE^" 

of y. lill,':, ■- ■ -''■-^'^ «• :- '-^: -■' -^^--^''^^ r<^' ■ 

h. Add "(PLIST NAME y)" to the value list of attribute "SUPERSET" 
of X. 

c. Respohd "(I UNfifiRSTAND)*" ■ 

2. setrq[x;y] ' 

purpose: To reply as to vdiether an arb^itrary ^el^tn^nt of set x is an 
element''i6rf-si^e'-l.''"' ^^-:-.:. ,^ mtw bj rtgiio^na (.,,; ayr t,, l.:,.^-; .• 

method: A anember of ^'•iJ^'t^«§«^^ei«?S't6'^!«*'^i-^ 

X and ^ are identical; or if there is a chain of expli|.ci.t fet-inclusion 
links proving that x is a subset of j^, ^.e. ,if there i^ilti^'i ' 
(possibly empty) sequence of sets v,w, ... z such that 

A member of x is "sometimes" in ;i if ^th^lte^i's ^i^SSifn' df' explicit set- 
inclusion links proving that y is a subset of x. 

piS»fce*!UTet ' ' Jz-iu.<5'::r'>-- -'-.i. i:.yj o,c 

a. If x=y, respond "YES". 

b. If there is a path from x to j^ through type-3 links following 
the attribute "SUPERSET", respond""YES". ^^ v :. 

c. If there is a path from i to x thr<i^H-^S^3\iii^ki;-'f^t^ovitSs 
the attribute "SUPERSET", respond "SC^IETIME^*?"^"""^ "'^ 

d. Otherwise, respond "(INSUFFId^?^fN^ftM<^f*(l^^''^''''' 



b) Attribtttefer: HfeM^ll.^^l^EMENTS 



iXJY-^ 






purpose: To specify in the model that x.;itf k^'iictlbfer W-^iife ^i¥ j^. ' 



method: Create a type-3 littiebet^^^iih J'^^^^^6l¥:^iMi^i€e8^ietf-^^ 
membership. 



- -W ^ «-jf»_-^S5» 



."■•SPitSS-A'i-^ y>^^'''K--^.'J -r-';^ 



procedure: ^ a;^of:^Oi:'i.'t i-. ■•-'''^ili' 

a. Add "(PLIST NAME y)" to the value llsr 6T ItTfi^ute '^IBB^ 

of X. . 

b. Add "(PLIST NAME x)" to the value list of attribute "ELEMENTS" 

of y. 'i:i('Hi4Uti - I '" :.%•■!■, . ■• ' iu;:j-i : Ik (s 

c. Respond "(I UNDERSTAND)". 

2. setrsq[x;y] 

purpose:"^ To reply as to i^etlier x is a ntenber of the set jj.. 

method: ieply "YES" if the tolliriS is true: .. ,. ; i -m 

(:3u)[[u-xV[u is equivalent* to xj] A : 

[[there^is a link indicating that u is a member of ^]V , j.oiq 

[any member of set a is a member of set JJ^JJJJ o 

^^■----iisa:-' y3n'J-.ii-*£ ^-.o ten oulr.v ori:^ '.:: "0' ■IHAi'TdlJMr^ :.-;■ . -^ 
procedure: 

a. Make a list of the items connecte^jj!<? iajbg^f fyperJoH^l^ 
following the attribute "MEMBER". 

b. If jT is on the list, respond "YES". li iot 

c. If, for any member z of the list, setrsqC s;y]-YES, respond 
"YES".^^^ ^^_^ ,j,, 3,j^„jjj],j Yi£:i3.tdjp ne I3rf:l9ri.j oJ :^S {iqv'^ o| :-*ecq-iL,q 

d. Repeat steps Ca) through (^ with x replaced by Mqhkpifetim Mj-Ta ;<; 
equivalent* to x (if any) until a "YES" response is made.'" 

e,,Jtb^Xfwf,e^,,^9|^^jp:|S^?^Iii|^l)|15i»A^ .ad...m .. ■ boriisx 

'i.-ii-:.- f T^'i ^ - t^H Jlsildxs 'to iTiBfi:; E 2i eiaji:! ti 10 ^ Is-i c-in >d.- . '?•: J ;■ -i'-!^ ^ 

~'3. 8et|s|^^j^4 _..^^^^, :>j_.,,i ,. lo Jasdrs s ^: £ ief^^ .n-- :..!.: £:inli 

purpose: To specify in the iM>del that the uniqi^fl^pent 4l4,«nxX t»fc 

method: Create a type-3 Itttk from the unique element of :x to j^ which 
indicates set-membership. If x has more than one element, do not,jS^:i^q 

any link. .■'?/3.Y" bnoqE3i <vx t ' ^s 

procedure:' '^ '^j'^'/""" :>;;om:..;^.i . "Li8;-i/- -;L- ' • ''..•'■^& ^''^i 

T). If u » NIL, tertainafe(|j»j^^,v-;p^-.y:. b/..^ ; ■:,•:! , ■'rac';!"'';;^;!'' :j'..t)x7JJ6 viri:! 
c. Otherwise .^3^^i^j^^tT«^|^\l^i^8Mr ^ - :;-Toa^^ . .- iw-f .r:-iO ,b 

4. specify! x] 

purpose: To determine the unique elementgr|.^,jl,j|..|i]Rjr, *|»j|rjj^e 86,^,15^. ) , (n 

method: If x has one element, find its name. If x has pa jBjl^fB««5its , • 
create one and give it a name. If x has more than one element, ask 
which one ^ lj^<^^Jyf,iy^]^v,^ ^^ .,,;, ;,,?,..., ..h, ni 7-;; -^12 oV i-cq-MUj 



^See p6i;^J^J^^^B3f^Mm%^m^^^m0m^^"i^ 
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procedure: 

a; Get the value list of the attribute ?'ELBfflNTS"jaf ;5t ,, 

b. If there is no list, create a new symbol u, respOM "(u IS A x)", 
execute s|^fl[a;jfl^ $l^d^,^§^^f:^Tl,l^§9 Ibff^jVfiugj^olHlPiftlyl^Ue 1 i-c-, ; -:, 

c. if thtre is just one element named on the llftj^eriif i§iJ;,.Jfehe 
elements are equivalent, return the name of the first~element as the 

value of,.)fpep|fy^^i,^^, ..:^.,,_,, ._ t.,,., . .i.,c.v3SU )Uul t-^qv-J , 'y}r.--,Z D.).;;-,- 

d. otherwise respond "tWHICi;j| -^ ,jr, -^fya^jwhiSf j2Idi|lo*iii«l^ 9^. v 
names of the elements, and return "NIL" as the value of 8pecify[x] . 

5. setrslqtx;yl , ; .,, i ..^j ... :'M*.- T-;i..H :" ^:>-. 

purpose: To r^p;|y,§8 to wl|ftf^er |^^ ^R^^9 e^«PtP!K*r fllft^y.' i| ,th? >set 
X, is a member of the set _2* -■ 'lu "HD-.;i - /5 -"lU^ao^O'i" 

method: Determine the element referred to and apply setrsq . 
procedure: 

b. If u "= NIL, terminate. ,^ ^t, ; , om 

c. Execute setr8q[u;yl. 



c) Attribute: EQUIV 



1 ,- ... » . 

I •; y -I -J 5 ; 



1. equiv[x;y] .;3iua ar^T :ah;., ■ .-JT. -''^ 0;-:) ' b/'^;4cv-; < 
. .■ ,1' ■ > ■., .^ J..! !-. li'. Sn ■■ , .■ n- J Tj JiH. u it Jiiil sri./ - ■ 

purpose ; ,qBq ^^ecify ^ ,<;.b«r !lRd%l.#ia^ Hi^^ rJ^^jW^ieV'^^ifliti 



:i'.' ..; 



' T',r:''p'.iU: '?' 



method: C^i^^t? a type-^2, l(iflt.,1|!|^e^igif2 #n(4:iX|wli^lkn^^ %<iuiy%lence . 

procedure: , r, .-;:-,;-. s;::,tt --^i-.s" :ji il':i?iai r" buoo39:i -jfe iw-is;: ;0 

a. Add X to the value list of attribute "IQ^l^' of ^. 

b. Add ^ to the value list of attribute "K^IV" of x. 

c. Respond "(I UNDERSTAND)". 

2. equivl[x;y] 

purpose: To specify in the model that x is equivalent to the unique 
element, O^. th^-a^,X»^..r;.. ,.; / -. 's I'jbov^ -Jiij r;! yi.i:.ioa,. oT [-j^'.,.- ■ niq 

method: Def epninfi !-t;he .e-i^i^nt ^:j;efef rfi^:^jai-fii^:fSipfrl3^,|igi|ij^,^, -, ;;,^_, , j . -.. ,, n,,,, 

procedure: 

a. Compute u =• specify[y] . ut'' .' 

c. Execute equivix;u] . 

.'■; , '■rV/.^UY .,■*.;,;,■, ^, : '\:. :• le'-l 'it!.- .V --iij ^j ^ ''(". Sii'iil TS'J"*}'' Db.-, C 
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d) Attributes: OWNED- BY- EACH, POSSESS-BV-EACH 

1. ovmrfjt;y] 

11 

purpose: Tb./Sp«ci£y ifl eh« model that e^ety' mtem%«r of s^t ;^^bimi6 
some Tftember-df Het^X. - ' ' --^i . 

method: Create a type- 3 link between x and y which indicates the 
ownership i**lfltiott bAti»*en their membirS. '^' ' ' - ' ' 

procedure: 

a. Add "(PLIST NAME y)" to the value list of attrtititfe' - 
"OWNED- BY- EACH" of x. 

:^bifi Ada '^CPBlll NJHE«*)» taHm vM!u(i^ii«t^f ^afCribat^ 
"POSSESS- BY- EACH" of j^. - -' ' 

c. Respond "(I UNDERSTAND)". 



\ ■ 



2. ownrq[x;y] 



purpose: To reply as to whether an arbitrit^ >i66rii8if of s^t ;^ xWns ; 
some member of set x. vj fUimsj air 

method: The answer is "YES" if x ?< y, and 
(3z)[y"2V[i is a subset of _z] ] /\ ^ 

[there exists the appropriate ownership link between x and z]] 

procedure: 

a; If x-y, respond "(NO ** THEY ARE THE Sitfffi)". ^ 

b. Create the list ^ containing y and all sets u for which there 

path froift^^ii'f %Krdufi(h^*yp^J^llnli#*'fi¥lt^iii Bte=«*tn:iikite''' 'J^' ^ 



IS a 
"SUPERSET" . 

the attribute "POSSESS- BY- EACH", respond fYES" . 

d. Otherwise respond "( INSUFFICIENT INFORMATION)". 

- ■■: ;'i'A'|i-:;"''lH' "' ■ '^ ^ ■ ■■■; ■ >^ 
e) Attributes: OWNED, POSSESS 



;.'f ■+ ^y, 



1. ownrgu[x;y] 

purpose: To specify in the model that ^ owns a member:^ of' Hthe set x^'^ 

method: Create :M:Ji^ei-3i llrik betV?^^ lr awd ^W^ ^twltcates tiie "' -' 

intended ownership relation. 

- "■ - ■' \ 

procedure: ■ iv ;-'->■ ■;'!=- 

a. Add "(PLIST NAME x)" to the value •H¥t4if attribute "POSSESS" 

of ^. ■ ^-':>-.i'-''"-P" ■--;'■.■:- 

b. Add "(PLIST NAME y)" to the value list of attribute "OWNED" of x. 

c. Respond "(I UNDERSTAND)". 
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2. ownrguq[x;y] 

purpose: To reply as to whether ^ owns a fliember of set ^. 

method: Tlie reply is "^" if there is a t'ink iriaica.ti^g ti^ 
member of X or of some subset of x;or if 

[there is a link iitdicatiiig t1&^| ev^ry B^e^er of set U 
owns a member of set x] ] ] 

procedure: 

a. If there 

b. Consider 
2_ owns a member of __ _ 

c. Consider each set z such that th^f^^^,-^^'^^ip&icstiLa^ X ^® 
an element of ^. 

d. For each z, construct a list $. containing evei^y Set jij fpr which 
8etrq[z;u]=«YES. 

e . Compijt em »? , the ^^st of .al I .^e|^ J. J^^m Wiil'^^'^^' ^^ - *^yp;^' ? 
link from X to V loliowfng the atVriWte '^Iffl^-lK^ /'.,,.„ 

f. If, for some £, the intersection of ^-^na m "is ridh-empty, 

respond "YES". ■■-~' --..,,. '- j.""u_jiti --il^' >■ 

g. Othe;o?ise, xes^pond '^(l^SSll^fJitfll^fnli^^ 

purpose: To reply as to whether th'^e unique element of ^the^^egt^ , , 
is owned b,y so»e eleiuent of tl)^ set ^. _ 

method: Determine that a unique element of ^ ^isfts. "^en, the' 

retJiy is - **Tf|S" if '-■....'/ . ^ s 

(3z)[ [there is a link indicating that a meiPiber qf set x is owned byj/v 
(3v)[[v=zV[v is equivalent to^]]A" 

(3w)[[ there is a link indicating that 2 ^^ ^" element of j;]/^ 
[there are liaHs, And teat ii^ t^^ w,-i^ -^ ^U^set of jjJlU 

procedure:: 

a. Coi|^,i^te u = *y.acifyL?tl 

b. If u - NIL, terminate. 

c. -(^^^M^^^, the ^i^id^uals W whiqh Jafe linked tp t^ as type- 3 

values ol7Wi4r'^U;^i?l»'*^.'''0'*^ "* ■ \- . . 

d. ^br each w, generate the sets z which w, arid any individual 

equivalent to w, is ^,;f»Wl?^^-,j»f, . ^ ,.r\-i^. .: vsw^^.. ' 

e. If, for some z, 8etrq[z;y] = VES, respond "YES". 

f. Otherwise respond ."(INSUFFICIENT INFOIffiATION) " . 
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f) Attributes: SUPERPART-OF-EACH , SUBPART-OF-EACH 

1. partvlKiy] , ...,:■. ,,~, -_ ,.,■•, ^. .,r-.Hw o-. i.-. ■-: 

purpose: To specify in .the [no4el thgt every ^^lesamt. of set x is part 
of some element of set y. , ' 

method: Create a tyEe-3 I'lnW-l^et wen i^ 'fecfW ^w^ ^iW 'tflWt- 

whole relation between their merilb^rs; 

[fix J:;ie sQ -ss»c:!;i9^-- ^ ^-iku 

procedure: 

, a,. Add "(PLIST N^ME y)" to the v^lue list of attribute ^- - q 

"SUBPART^-^^fl^^^f^^ -1 ^^ ^ -^---1 



2. pi^r#rqix;yfi" 






purpo^l:'" l?o'reply||^^eDi»^^^ifejh^%:;l^ get' -*"**§' "ia ' ' 

part of some member%^^ f;: *^^ ' -3'«"«^^ ^^ arrxwoi..-! v^. ,, . 

member of set x is part of stme menber of wJa tCjf^ V 

[[there Is a chain of liidts indicating that ^^^'^ir'tfi^set ' 

of wy ] . 
Reply "SatsMMs^'if' ' ^--^'^-'^ '-.opini: rm i-.r-J-.rf^ oi a: -iq;: oT _ ua 

(3w)[[ there is a chain of links 'ikiiiiai^-^ihii'W'iriiitfat-^ '"''" 
member of setijc is p^rt of ^s(»ae member of w]a 
[ therl ?8 i^^^iri^-ffnfei ^fi»dffgifMg^^t««€^"irf^^8afaif^5^^^] 1;. 
Reply. "lK)"if an arbitrary member of set y i^ alwayq or 8'(^et tifies, a/' 






procMftuf^^":'' """^ '"' ^' -'■■ ■■"■" 

a. if ^yi^ fei^6i!fti^"a^^f :ftfi^ Jfti'^^i^abi^*/ ' ^"'^ "'"-' ^ 

b. Generate those sets w which can be reached frcm x through 

a chain of type-3 links following the attritw^^^S^MPART-OF-EACff": 

c. If, for some w, 8etrq[y;wl - YES oif^^oNi'^lil&r i'ei^iiM"' "' 
"YES" or "SC»pTIMES",re8pfi<;t;ively. , , .ai-n.miss ,J1J1 - •. 11 

d . ^ W^thi \4#^ll%tf mt^^^^ MMM^ ^^ ftMitfllfes , 



respond "CNO.yy IS PART OF xV' .o;r "(NO. y TS ^m n tMi M'^^ %f k) ■* ;' 
respecCivefy;''"' --n^ hi!-. <w dsmw s aiaa aTO ^iBi^a^^ ,v iiics, -tq^ 



Otherwise xeRRond "(INSUraXJIECT Jmomf^^f' ■ 



, w o :i 






»i-f!«!f«>%^<> 
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g) Attributes: SUBPART, SUPERPART 

purpose: To speCtfytri ttl^ itKJdei th*t b«b# *lett€ni O^f iseft ^ is a 
psrt df-thd'^fiidiH/fdtialHi; ^^ ' ^ ^^ ^- ^ ''' -' "'"'"^'^'■•'' .■^'-^'-^■;' 

method: Create a type- 3 link between x and ^ irtiich ixdicikM' tRtf 
appropriate paft-^hote relation. 

procerfuf e : 

a. Add "(PLlSt NAMI x)" to ttre V&ltW liit ©(f aUtr^iliat'e 
"SUBPART" of ^. 

b. Add "(PLIST NAME y)" to the value list of *(t4Jfl1Wtte ' = 

"SUPERPART" of X. 

2. partrgs[x;y] 

piirpose: ^ ^ %ecft#y in the tnddel' 'tliirtiMSSief ei^^ x»f iit x fs a 

part htmd wH^i^Mk^i tt"^rot'^is'^€tW''" '^■"' - "*^- "■ ■-; 

method: Determine z, the unique element of 2' ^«" specify that 
some element of x is part of _z. 

procedure: 

a. Compute z » 8pecify[y]. 

b. ^f'-'z ** Nit, tScWinat*. 

G. Else^: citM^piW^e'ipiirtftigutx;-*] . ' 

3.- partrguq[x;y3 

purpose: To reply as to whether some element of set x is part of 

the itKll^ftfua:! ^'." ■^''■' ' •-" ^ '^ -■ ;-,.^u ..;. vr'.-. ,....,< f'-^ =- ^|: ' ''■ \'. , ' .^,'"'' ' ■■ '; 

method: A member of x is a part of jj if 

[(3w){[ there is a link indlcatii^g that an element trf 2f - 
t(w-xV[ there arP¥ttiki^ tttttf^iPtff^ etfafei|Ti' ia; Wset of x] V 

[w«zV^ eifts¥t «^' lft$r Ittiil^til^f tiastf w" W^^ yulSeet of t] 1 1 W 

[Gz)I[u is an elemeitiitifSk.^'^"""^ irj.aq .f 

vinujiij _ , . 

procedure: ■, .^ i'*, ; .• ->^.-l'. "''";"■■ ^ 

a. Generate those nodes w which can bfe' '^iei^flBd 'frcSn "v , ' o* frcftn 
any node exjiilvkWiifc^ tfe'J2V';l!^^c*tt'tn'W'k3)i>«*^ 
attribute "SUBPART." ■ ^ ■i»AlS'«-'a" s:^!.oiij.^^ 'st^a .gru .J.>i ! o . ,h-, = -. iv 



->!. :^ ~p*^ "~_S3g^_'-.a~-'^r-'-'™ - 



n 

b. If, for any w, 8etrq[w;xl-YES, respond ''YES". 

c. Otherwise, generate those nodes z which can,,bf |f,e§9be^ from x 
by a chain of type-3 links following the attribute ''S^HlPART-dF-EACH". 

d. , If, ,foi^.,fl:?X 5.>^i«nx,Jife •f^^fcSi^'^ lit«l??94sg^E8?f . ;.ao.: ,.-! 

e. Otherwise, compute the list J* of sets fM-|^^flj,j^«r^,4s «^ < , 
type-3 link from j^, or any node equivalent to ^, following the 

attribut?Si"H«fi|E^V>nj :l:,i:r.: . U, ■. -■ .7,,ywlso ,4nii ^-.^qvi ;:- -oo^*'.:: -bv.-.,;-..^ 

f. Generate the nodes V which can b«i^^c%^<,|^,j%_^«},n of , , . 
type-3 links from x following the attribute, "SXIPERPART-OF-BiACH''. 

g. If, for any v and any u in J?, 8etrq[u;v]«YES, respond .",TCE?". 
h. Othewiise^ J:iajppi¥l;'K]^l|?^^ I^JPIIIP^'I^ , > ,, 

4. part;:s»{j^;3y] ■■-,}., :,- • ,.;, ",.. -ima!/. T-ijj'i/'' ^-^v 

purpose: To specify in the model that tl»^ j,4ifl4jq^^^l«i|ftn|^»^^ 1^ of 

set X is part of the unique element, if any, of set 2. 

method: Identify the unique elements u and v of sets x and ^, 
respectively. Sg^clfy ;tblHti s<!PMP^,el^jBijn%jJ9|;,-f%fc-£,^ .^Jiar^tfi-f ,fehe .os n 
individual v.- Then creat^ :^^^^ ^^^.^e^tth^^g^tp^^l^, ^flge^a : , , 
link from x to u, specifjfLng which eleront of x is involved. 

procedure: ...; n. r.i^a ">>;-■,',,-.= ly .;(-■/.: 

a. Compute v-8pecify[b] , and u>specify[a] . 

b. If u or V ■ NIL, terminate. ; . ;. o-^n 

c. Execute partrgu[x;v], .i iviiDst- ; ;: -y 

d. Add u to the value list of attribtgtkJP^y^pNI^" on ifa^t 
member of the^'^SUPERPART" value list j<|f j|,j^i^^^^|ji^„tp ^t, 

e. Respond "(I UNDERSTAND)". 

5. partrsgq[x;y] 

purpose: To reply as to whether the unique element of s^t x ,^ Pf^^ 
of some element of set j^. 

method: The answer is "YES" if th^r6%exi#jyir# i^B^*^^!!^ 
set X aij^ ^if ,^^ .,^.,; , ^,^.^ ,, , . .^,: ;. j^^u oni Anil ,; « .' -.laf; ^M ^ wf' ; : 

(3w)[[ there is a link indicating that ,S|cpefjc i^i ,p«j;i: pS wIa 

4l>?^JjlfWP is- ^rii^ ^A^^ of vJa 

ffy-vlV [there arp ]l^U»i|^ ^i^c^^^p^^^j^^ .^^# of ylV 

is partof some'^/ytlA^l^^,^;^ ,,^ ^, .]..,^r^ ^ 

X-fJverf jsirjR lli^ it;^;l,c^ti^ ,th^,|: jj ^, # #W^fr H^ Sl 1 1 1 1 11 

I M ' ■ i i i ; '■' 
procedure : 

a. Compute z - specify[x] . 

c , i G^ne<;^|5« t^c^e no^ ,w which, ;<^fv,^ ^i^achedi ttxm jj, l?y, a , ., 
type-3 link following the attribute "SUPERPART". 
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d. For each w compute the list ^ of those sets which w, or any 

f. If, for any vf^l^, setjiriri^vj /▼iJTlE®, »esjEM)nft ^ITK''. 

ig. OthtnwtM, ft»a^mite t^io^-'tuMmt^^ iMiii^^feir be z«sc^« frc»n 

X by a^tyll«^■$4ittJt'-■■&^tldw4nt^ t:be--irt^ ^ 

i. Otherwise respond "(INSUFFlCIlBfi lllTO«k«ieH)»^ 



h) Attribute: NlSffii^ 

1. palrtrnCx;yjh] 

purpose: To specify in the model that there are n elements of the 
set X which are parts of every element of set X' 

methodi ■ Cre«te « tvp^3 llti; between ««nd ^i^^NJiiyli^ that an 
element of x le' i>#W:'W'W«4*^-**«ient'ol^'3^'^'S^e«^ lliik*-- ' ■ ■ 

assoclatlng'^the number n with tl^t ty|**3* Itfcki^^^^ - • 

p1c«>tkA^it<^^ '■'■■' -''^''^■^' -'■'■ 

a. Exeg\^>e pi(iftMix;y]^ 

b. Add ' «A(l!re»«^ «)'^:t«f betfe'th* ll«tf\rtrlijfcM(»» a^^^e^^^^ vitlu« 
list of attrt<bal:<e i>mmi^-€fW'>'t*m"^ M ]^i mt 'itm Hit Whl«fe ««# add«d 
to the value list of attribute "SUPElfAlT-OF-EAtfi*' »«««;;« 

2. partrnu[x;y;n] 

purpose: To specify in the model tliatt tlMkrie ar» a elesiints <r£ •«£ 
X which are parts of individual ^. 

method: Create a type- 3 link between x and j? which indicates that 
some «l€a»e*t of set x is j^irt of-ji i&t^akM"tfp*ml llnlU avfoeiatint 
the number n with th*t type^J liidc. - ^c =•- 

procedure:' -■'■' 

a. atec<it« Eaartrgsifxjyl * ■- 

h^ uAdd"!'<m»aMl n)»'to both the list wfrl©h%«w»a«i4»* t« the 
the value lUt of; attrilKert:* v$mmKt-t^>2L**t^ il»4llst wlli«h wa« 
added to the value list of attribute "SUPIRPART" of x. 

3. partrnuq[x;y} ' ' ' 

purposes to ^eplj^es to how liiainy el«ra«w«%'iof'^!the *et« are pert* 
of the iRdlvliual jj. : - ^ ' ■ 



■ - -— #«««^,-'- ' 



8cr^ 

(3u)[[ there is a link indicating t:^tiJi&T'*lQBi«n^ ^ ij iS ; 4MHBjtr .qf s j^h 
[[ u-x] V (3v) [[ there is a ciit^^'t^Mspim i^itm'ksiS^timt . 

a V. iae li^iritr, <ofe 'evejtgfr. giyv CJ[ yifl^W § a , 4 >v y- - '■' ■■ ^ i = ^ J ■ 3 

Gu) [ [ tftwti&i i;«Nai il^Bnkrtii^lcSfciflRi *j*»fej|p ^i*«3 jeati*»«Eite Jat ««|s:ii3s v'J V 
(3v) [ t tUtasS: ift. #>fih#ia a^ lAi^, jL|^d»* ifl§ #» tj?^ v, 4» a, 

part ofimvmyi^jHiliwmddt'TWc'^nl)'' br:oi/39~ %cfwiy;-iO .1 
[there is a chain of links indicating that x is a , 
subset o£ v]] ] 1 , 
then the answer is the product of the values of the type-1 links follow- 
ing the attribute "NIWBER", associated with each tyjgs^M^iJ»f^ iSkik (n 
proving the required part relation. If any such "HQHBER" attribute is 
missing, the reply should explicitly request it. If[f|:||^;:f|trt1-^^le. , 
relation cannot be established, the reply indicates that fact. 

procedure: ' ,^_^ ■.;.,; '";{, ;-e::i«ii> v'i$--j^ :;o aJisq 'n., --i-^riv >^ ^i>z 

a. Follow the procedure of partrguq{x;y] until links are found 
vrtiich warr;€sit3#r:j*YJB8'vTi^p>Wi8«.b.->^^Q-dfeJiil«t jpPf »J^f*<|ul«i:M>-i1ltikftG Uekj 
which follo»;*hB §i^4i>v^d'^^^:t^6(ml'MmSmm:^m'MS!^%l i_ -!o Jnsn. .. 

b. If no such list caA^ster ^UH^i rf^^Hffcrv n -isdmua arij «;.i jH...;.oe?:. 
"(I DON*T lOroW WHETHER x IS PART OF y)". 

c. For each element a of £, where a specifies a "SUFERFARTr^itTfiMSi'q 
link f rom u to v, get the value of the attribute |%iMN9t^' <ftfcgt»>u3 11.& f or 
somes.O^v «©j 84rt:te§rSKj4i^«Ki#t:jfciw Tt»pDTtAiy(M(miHtVt" im. iaMN3i^fif)%bA . d 

a 4b ;:- • i Cili*i**i ** -i *hB M*d*W* pj *** ' *»«*«»- IShftiEteP** .#i»5l«e»,-.= .: .:;■ 'to jail 
Respond "(THE ANSWBiL « •«i"*^i--'S0~X>lA^a3?U8" ^ijuHi-jJlK It: };:£■" -,.m..-. -.ii ; ua 



V. k 






i) Attrifeatfts:^ iJaFi:,.RIG»1v» JlifJ, JMG^J wr, ,1; 
1. jright[x;y] 

purposjfrti .f&^j«l>#cif.jriij:i th«t|ii»d«kj:is*t t^je Mni^|Mf eiegeentr^ ofcj sftt ijt Is ju a 

located just to the right of the unique *lfefte8»to«|ifl 8^= jg.ri rU; n -^i., .; sdJ 

method: Check whether the statement is consistent with existing kn^j>9oo.iq 
ledge; ^.e. , that nothing is known to be bet|if^l2g«Mb2 #»fil:)*iiillt ^;> 
is not khoin^j tQi b»^ Um tlm^- rishtv ofiAjfJi, c^M A.%o4.»^:i «&f^ CMMtmC^tit i^ompda in . 
0therwi8e=,v,c««»«« jirtyp*?*! li»k, ii:fl^c*tjt«(St^ fftBdtiWHlliarei^tiOR* srii 

procedure: .'.'.'. :"■"■''■'■. I.':, ' '■ - 

a. If specify[x] or specify[y] "NIL, terminat^y«:x jpi. : 1 3 _ ; r 

b. If there is already a type-1 link frcan _2 to x following the at- 
tribute "J&Ifi8f",ir€gpMid WSSSatmrnaSUT^mm^^U Ai58AD3fJl!WeM»^">35<jquiq 

c. If it can be proven that 2. ^^ *o ^^* right of.«c,ijy*||h*i M n r J'- 
rightp[y;x]»T ; or if there is any type-1 link frtMO ^ Allowing the 
attribute "JRIGHT"; or if there is any type-1 link from x following the 
attribute "JLEFr*; then respond "(THE ABOVE STATMBHT IS DffOSSIBLE)". 

d. If rightp[x;y]>T, and there does not exist a direct type-2 
link from j^ to x following the attribute "RIGHT", respond 

"(THE ABOVE STATSIENT IS IMPOSSIBLE)". 



--^!"*-i^^s*g5^S&'^^''--»''^ «>'" 
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e. Othexwise, create ,a, type- 1, Itplt/ from y t^^^ fbilbying tlife 
attribute "ikldl'r"; create a type- 1 fl'nlc "#rom x to'^ t&llWttig tiie 
attribute "JLEFT"; and respond "(I UNDERSTAND)". 

2.^^^ ,ri^tpijt;yi, \, ;.;'"' , ,■';:.,;;; ':j"": '.;,./;,'"'' 

purppsQjj. To teat wbefther it. is known thpt the x 1,8 located tp the 






inet^9«4;i c"r^htp];jf;;ylJVia 4^iine4 r^CA|,r^|^^ is 

no iype-i liiik frgi^;^ fpljc^ng ,ldi0;^t^^^ t:ype-2 

link from^ followii:£,jav|jMft?il>^^ 

is NIL; if either of the atove links "ex wts an4 linVs ^^t^^^ vsflue 

is T. Otherwise the value is the disjunction of the .vali^s of 
"rightplx;yj" for all u which are linked to ^ by one of the ab<5Ve links. 

procedure: 

a. Commute u, th^, value of the typgrl liftk f, rpjn y following the 

attribute -^'aRicfflT".' \;"-.;, "" ' T';'"; , '■'■'!/ \'" 

b. If u"x» value is T; if there i» ho u, go to step d. 

c. If rightp[x;u] >■ T, the value is T. 

d. Compute ^, the. ya?^ue of J^9 ,txR«.-? link txsm y following 
the attribute "RIGKf''. . j " k'! 

e. If X is a member of list j|, ,^j0ie ijfalwe is *Ti ; if tl^ 1,8 
no J, the value is ,l^|J^,, t ,,,,.,- ^ ■':- r, 'i-:y,i ■)■•.' \ - 

f. If, for any vtfi, rightp[x;v]"TV the value is T; othefVise 
the value is NIL- 

note ; "T" and "JIIV f re special LISP a:^bQls ataryjing for "true" 
and "false," reapeQtfully. '.."',.'.'. , 

3, rightj;x;yl 

purpose: To specify in the model that the unique element of set x is 
located to the right of the unique element of set ^. 



method: Check whether the statenjent i^ consistent w^th existing 
knpwfe^i^ay, If so, i^Jr.eate^a type-2 link' indiclliri^ ^|e poajitlibhal 
relatl.<3i)a^,y;Q^herwife» Qonjplain. : /'t[\ :' ■■•'•■.■■ ./' 

procedure: 

a. ;ff »pe<?ifyIx3'?Nl|i or specifyL.ylfNlL,V^e^ 

b. If rightplk;yj«f, respond "(IME K$On "sm^mE^ IS AI^^ADY Mgmi" 

c. If rightp[y;3c]-T, respoi^d "CXH« A|OTEj§^|^|NT,|S,I^ 

. ^ d' ,,,,0£herw^e , ..create ■.^t■ss^-^^. iu^^T|r^.y2v4oi"'^^^ 
attribute "RlQlT*^; create a type-2 tt^K'^roii x to ^ following '£he 

att.^^l,but^.^,';LE)rT";.... and .respond -^(.l/ll^^^^ljl^'^:: '■'. "'"^ '""";.:: 

:j....A, ;- j|:ights^[xi.yl... .^ „- 

purpose: To reply as to whether the x is. located just to the right of 

the 2- .■■:- . 



::z::§^^^^ - — .^rrrr ~ -^--i^^s^ ^«--'--J^'f^-- 
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method: Retermine whether the links In the n^>del ihdlcate-that ^^ ts just 
to the right o£ j£, x cannojt he just to ti»e right <^ qt^i^fijf*^-^' 



procedure : 

a. If specify[x]=NIL or speclfy[y]-NIL, terminate. 

b. If there Is a type-1 link f rom _2 to x following th* itlfribute 
"JRIGHT", respond "YES". , . ^, ^ , , 

c. if rlghtply;x]-T; or if there is any type-T tittk frota ^ f otld^ ; ; 
ing the attribute "JRIGHT"; or if there is any type-1 link f rbi X fdllrbWf- 
ing the attribute "JLEFTV; then res|»ond "!|0 ", 

d. 1^ ri^tptx^l"^ flijd th^Bi^ dixic^ tS^e-Z tiiftc^ " 

from X .to: 3t_.fQWbwirig 'tRW'itt^i^!i,.*||i(li^ ,; ;':'^^:,;": 

e. bttietSj^ise, reanbnd '^(DlStii^^ 

5, rightssqlx;;y] "' ,.,'"'/-'"" ,' :. ,1.' ; ^'^ 
purpose: To reply as to whether the x is located to the right of the j;. 

method: Determine whether tVie links in the mcidei'^itlMtci^^t^ 
to the right of 2» to the left of 2» o^ neither. ! / 

procedure: 

a. ff specifyhc]=NIL or spedifylyl^JltVt^rtfina^.^^^ 

b. If right|>[x;y]=»T, respond "YES'J. 

c. tf rigihtpty;x]-T, ve^pMd^*tky' ^ ^ 

d. Otherwise, respond "(IMSUPf|CIENTniFQMIAfIW^^^^^ 

6. wheres[x] 

purpose: To determine the locations df t^dse ol^^eetjfl vrtiich htfvje 
been positioned with respect to the unique elemeiit "di^ the*i*et x. 

method: Reply with the information provided by each po«^itiotial link 
associated with x* ^ 

procedure: 

a. If specifytx,l-'NIL, terminate. 

b. Compute u - tlie value pf thei type-1 link froW k fbllofwitig t^ j 
attribute '*JLEB*T'*;v - the value of the typfi-i iitik^fi?<S ;x follpWtk^ th^"-' 
attribute "JRIOIT"; £ = the value of the type-2 "HAk" f r^sT^x "^foiloWtili^ ' 
the attribute "LEFT"T and m - the value of the type-2 link from x 
following the attribute "RIGHT". . . 

c. , If U, V. ;£,: !^M J? all, 40 not: ektse. r^slfotfct "(I*) PCTffft^ IS 

d. If u does not 6xt8t, go t6 Step £.' 

e . Res5^d , " ( JTjST io W ix^ QF 'tM u j" , ahd go Ct? She" next flt^- 

f. If V does 'riot exists- |i;p\ 'to.. 's.tep ".ht'"/^' " "■"-'''" ;■.;_' ■ -."--i — 

g. Respond, "(JUST TO "tSB tXTt tfF iM v)", tfnd go to the next step, 
h. If J2 does not exist, go to step j. 

1. Respond, "(SOMEWHERE TO THE RIOIT OF THE VOtWifti^ . . k)" , and 
go to the next step. 

j. If m does not exist, terminate. 

k. Respond, "(SOMEWHERE TO THE LEFT OF THE FOLLOWING . . m)". 



- - ^-f-..*i^"=f->«, ■*" ^- ^ - V -^-"^p^jiftlff-^ 
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7. io'cstestxr '''' ' . \ , l-V 7 .: S.,, !!'!" V ,^^i■. i'-^-.r," . ' 

purpose; To determine the location of the unique element of set jt with 
respect to as njsny other objects as pocitlble. 

method: C^Wsftiu^t -^ dt^graia of tlie l^jf^-tc^^l^it? Si^^r of JJljileces by 
searching through all chains of positiqiwl links starting Womx ^nd ' 
proceeding recursively. The fprm of^ thfi diaj^tm i^f a list, w^tfi ob>- 




jects known 
links from 
appropriate conment, 

proc#dirt'te^r'"' 

a. If specify! x]=»'NIL, terminate. 

kv^jEt^wiWg^He 

attribute "jkl^J". U pp m, _%^a _c« Wji fratr^^^ to step f. 

S. TcaSixt u JUst to the rr^it ojt x 1^ Sju l.e,^ Xnl^^ after 

" e. Replace jj by the result of ' Wcufcing ihXs i%j4^^^ . 

from step c. wMJ^^ ^pffi|#mr£^#1»ff<^m.|te^i#^ 

the current value of jg ai tne aiagrra. . 

f. Repeat step c, for the attribute "JLEFT". In case of feilure, 
go to step i. 

g. Insert u just to the left of x in ^. 
h. Repeat step e. 

i. Compute % f the value of the type'-2 link frem x following the 
attribute "RIGHT". If no ^ exists, go to stepi. 

j. For each m(:&.: If m is already in the current g, ignore it* 
if there exists a v in ^ which is the object (pr first object on a 
sublist) following X (or a sublist containing jc) , go to step k. Other- 
wise insert m after x (or the sublist containing x) in jg, and repeat step 
e,, with the c^urrent value of m replacing x. When all m£J2 have been 
treated go to step S . 

k. If rightp[v;m]«T, insert m after jc and continue with the next 
ra in step j. If rightp[m;v]«T, then jyst for this value of m replace x 
¥y V and continue as in step j. Otherwise, refpond ; 
" "CTOE LEFT-TO^RKMT ORDER IS) 

g 

(TO FURTHER SPECIFY THE POSITIONS VOU MUST INDICATE WHERE THE m IS 

WITH RESPECT TO THE v)". 
1, Perform operations analogouiB to i, j, and k for the attribute 
"LEFT" of X, 

m. If the current g-"(x)", respoia4 "(NO ilUflVg POSITION IN KNOWN)"- 
n. Otherwise respond, "(THE LEFT^TO-RIOTT ORIffiR IS) g". 

8, whereg[x] 

purpose: To determine the locations of those objects which have been 
positioned with respect to some element of set x. 

method: Find an object a of which an x is an example or a part, and 



~i»«f5f!?,«,^ T^TT^— ( •~^- js>,.^-«-jaa^^iSituy4a---«. 



84 

which has positional links. Then £lnd the locations o£ those o>Ject;s 
which have been positioned with respect to u. ^''F - '"- 

procedure: 

a. If X has any positional links, i.e., if the attributes 

"jRKaix'u, "owT", "pcHX",, mr"y^' Miai^^mh^l^ niM.m,r .,. 

execute wiiiei^eslxl . , --- ^^ 




then execute 'wheres[u] . . Jii-'inrtiu..* ....^i^ ^..oiqqa 

c. If the hypotheses of step b.hold for the attribute "SUWS|af^!^ , , 
execute wheresTu]. , , - . . iv3,ji., 

^'SOTBET" fron-u to*^wj/\ 
then execute waerestw] . ' 

e^^ %tht^ai? r^spc«sr ^'tife mA^^i^;^i^)i^;'. ' ' ^^; ;":;;;:; 

' :i . '" - , <__ + i 

i . -■; : ■--■ ■ -■ - .-. J t IJ^ ,. ^ 

:'!: I 'i '':...:, J .■!., V « ~ -^ • 

* £ 1 -. ■■ - J ;;3 ii 



J b J 

t 



I, 



JiH- 



i 1- 









■Josr.oo i!v' r?'-.rM • u-,,i(J9rn 
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B. Special Features. 

This section discusses the sample conversations £or Fig. 6 which 
Illustrate three special features of ^he SIR system. The first two -- 



SIR can be used to simulate various aspects of human linguistic behavior. 
The third feature — streamlining ~ demonstrate*" e*Si"%dy in which SIR 
can automatically modify its irodel structure in QSf^^j:. .t:o, save computer 
memory space. w-f . r . .-" 

a) Exception principle; General Inforisft^P'Ja!*''^'*^ ."all ^^^ elements" 
of a set is considered to apply to particular elements only in the absence 
of more specific information about those elementit Tttttd it is not 



necessarily ppntra^l^clgpjy ^po ,lafii^tkj:h^^l'mmml*^§^.^A^I!^ animals" and 
yet "a whale is a mannal which always It^gfi ^,jf4$;er." .^n the program, 



this idea is; implgtated by a.lMaysu«r«£ai!BiAS< £M^>«<tes<i'e4 Information 
to the property-list of the lndivi4tMil.«fi»al(MMr<i«d*hafora> looking at the 
descriptions of sets to which the individual belcNigst ^ '"" 

The Ju8tl£JkCa£i.4>n..ffir £hl«,:<d«p«ri:ucA.^JecaB tib*«Aoa«xc«p^ prin- 



ciples of Aristotelian logic la ibhatx^this ^psccadieMie o£*<«peciflc 
facts over background knowledge seems to be the w4y 'people operate, 
and I wish the,&emqf»i£ez •t».,^caa«BiuiieAt€kaifiAh if^amht •» naturally as 
possible. 

The present program does not experience the uncomfortable feeling 
people frequently get ^en they must face facts like "a whale is a 



mammal which lives in water although mammals as a rule live on land." 
However, minor programning additions to the present system could 



a. EXCEPTION PRINCIPLE 



(•••- IHeRE ARE 5 FIN(.ERS ON EVERT HAND) 
( I UNDERSTAND) 

(•••- IHERt ARE THO HANDS ON A PERSON) 
II UNDERSTAND) 

!•••. A BDY IS A PERSON) 
( I UNDERSTAND) 

!•••. TOM IS A BOV) 
II UNDERSTAND) 

!•••- DICK IS A BOY) 

II UNDERSTAND] 

I •••- HARRY IS A »UY) 
II UNDERSTAND) 

!•••. TOM HAS NINE FINOERSI 

I THE ABJVE SENTENCE IS AMHIGUUUS •• BUT I ASSUME IMAS) MEANS IHAS AS CARTS)) 

II UNDERSTAND) 

!•••. DICK HAS ONE HAND) 



I THE AbUVE SENTENCE IS AMBIGUOUS •• BUT I ASSUME IHAS) MEANS IhAS AS CARTS)) 
I 1 UNDERSTAND) 

!•••. HOU MANY FINGERS DOES TOM HAVE fa) 

IIHL ABOVE SENTENCE IS AMBIGUOUS •• BUT I ASSUME IHAS) MEANS IHAS AS PARTS)) 
I THE ANSyER IS 9) 

!•••- HOW MANY FINGERS DOES DICK HAVE U) 

lIHt ABOVE SENTENCE IS AMBIGUOUS •• BUT I ASSUME IHAS) MEANS IHAS AS HARTS)) 
I THE ANSWER IS 51 

l"»». HOW MANY FINGERS DOES HARRY HAVE a) 

I THE ABOVE SENTENCE IS AMBIGUOUS •• BUT 1 ASSUME IHAS) MEANS IHAS AS PARTS)] 
1 [ME ANSWER IS 101 

l>". HOW MANY FINGERS DOES JOE HAVE U> 

I THE ABOVE SENTENCE IS AMBIGUOUS •• BUT 1 ASSUME IHAS) MEANS IHAS AS PARTS I > 

II DON'T KNOW WHETHER FINGER IS PART OF JOE) 



FIGURE 6: SPECIAL FEATURES 



b. RESOLVING AMBIGUITIES 



!•••. JOHN IS A PfRSONI 
II UNOEKSIANDI 



I"". DICK IS A PEKSONI 
( 1 UNDEKSIAi^O) 



'•'•■ A CHAIN IS PART OF A BICYCLE) 

( I UNOEKSrANOI 

!•••. THE PU«R-SAII HAS A CHAIN) 

lloUir^l a'^O-Er'-sI-)*'""'"""' " '"' ' •"""' '""' """^ '"" '^ "»'^" 
II UNDERSrAND) 

!•••. JOHN OMNS A CHAIN) 
II UNDERSTAND) 

l"». DICK HAS A CHAIN) 

IruNUERSTAND)"'*" '^ "^IGUOUS •• BUT I ASSUME IHAS) MEANS I UXNS I ) 

!•••. THE CUCKOO-CLOCK HAS A CHAIN) 

ITHt ABOVE SENTENCE IS AMBIGUOUS •• PLEASt RE-PHRASE IT) 



FIGURE 6 (Cont.) 



c. STREAMLINING LINKAGES 



!•••. JOHN IS 4 PERSON) 
II UNOEKSTANDI 

!•••. JOHN IS A rtCH-M4N) 

I 1 UNDERSTAND) 

!•••. JUMN IS A aav) 

II DNDtKSTAND) 

!•••. JOHN IS A SrUDENn 

I I UNDERSTAND) 

!•••. JOHN IS A BRIGHr-PERSQNI 

II UNUERSIANO) 

'•••■ tvEHr eov IS a person) 

II UNDERSTAND) 

I"'. EVERY TECH-HAN IS A PERSON) 
II UNDERSTAND) 

l"«. EVERT TECH-MAN IS A BRIGHT-PERSON) 
II UNDERSTAND) 

l»»». EVERY TECH-NAN IS A STUDENT) 
II UNDERSTAND) 

tVERV bRIGHT-PERSQN IS A PERSON) 

II UNDERSTAND) 

l»»». EVERY STUDENT IS A BRIGHT-PERSON) 
II UNDERSTAND) 

!•". EVERY STUDENT IS A PERSON) 

II UNDERSTAND) 

END OF EVALQUQTE, VALUE IS .. 
INO MORE INPUT SENTENCES) 



K'r'if.H'il. "ALOUOTE HAS BEEN ENTERED, ARGUMENTS.. 

5 I K t AfIL 1 NE 

IJOHN) 



II l-ORGET THE HEMBtR-tLEMENTS RELATIONS BETKELN PERSON ANU lOHN I 

ITrl] l"^ HEHBER-ELEMENTS RELATIONS BE^ELN StSdENT AND JOHN ) 

EOr"{ he SErfNCU-S^nN^'^rAty'""' ""-"^ BRIGHT-PERSON ANi JOHN) 

i i-URGCI THE SET-INCLUSION RELATION BETWEEN PERSON AND Il-rH-M«Nl 

fORGET THE SET-INCLUSION RELATION BETWEEN BRIGH^-JeRSON AND JffH MAN, 

II FDKGET THE SET-INCLUSION RELATION BEtJIn Ptis^N a" sJuSentI ' 



END OF EVALQUQTE, VALUE IS 
NIL 



FIGURE 6 (Cont.) 
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require it to identify those instances in which specific information 
and general information differ; the program could then express its 
amusement at such paradoxes. 

b) Resolving aftbtj|tuities; Thie criteria used by the program to 
decide whether "has," in the format "x has y," should be interpreted 
"has as parts" or "owns" are the following: 

1) Let P be the proposition, "either ^ is known to be part of 
something, or 2. ^^ ^^ element of some set whose elements are known 
to be parts of something." 

2) Let N be the proposition, "either ^ is known to be owned by 
something, or ^ is an element of some set whose elements are known 
to be owned by something." 

3) If Pa*'^, assume "has" means "has as parts." 
If '<^PaN, assume "has" means "owns." 
If'>'PA'^N, give up and ask for re-phrasing. 

4) Let P' be the proposition, 

( 3 u) [ [ [Z is known to be part of u]V [2. ^^ an element of some 
set whose elements are known to be parts of the elements of u]]/s 
( 3 w) [ [u ( wVuCw]/\[x e wVxCw] ] ] . 

5) Let N' be the proposition, 

(3u)[[ti is known to be owned by u]y[;;^ is an element of some 
set whose elements are known to be owned by the elements of uJ]/\ 

( 3") i [" f wV uOi A t^€ wV xCw] n . 

6) If P'^'^N', assume "has" means "has as parts," 
If '^P'AN', assume "has" means "owns." 
Otherwise, give up and ask for re-phrasing. 



■'-■f^*"f V''^"^'"--^'*^™' 
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These criteria are simple, yet they are sufficient to enable the 
program to make quite reasonable decisions about the intended pur- 
pose in various sentences of the ambiguous word "has." Of course, 
the program can be fooled into making mistakes, e.g., in case the 
sentence, "Dick has a chain," had been presented before the sentence 
"John owns a chain," in the above dialogue; however, a human beina 
exposed to a new word in a similar situation would make a sim|.lar 
error. The point here is that it is feasible to automatically 
resolve ambiguities in sentence meaning by referring to the descrip- 
tions of the words in the sentence — descriptions which can auto- 

"^'^^'^^^^^ ^^ created through proper prior exposure to unambiguous, 
sentences. 



c) Streamlining linkages: All question-answering (model- 
searching) functions which involve references to set-inclusion or 
set -membership relations must "know" about the basic properties of 
those relations, i.e., those functions must have built into them the 
ability to apply theorems like 
xCy/syCzj^xCz and 
a^x/v^xCy^a^y ; 
otherwise the functions would not be able to make full use of the 
usually limited Information available in the form of explicit links. 
On the other hand, since the functions involved will be "aware" of 
these theorems, then the set of questions which can be eitisyered U 

independent of the presence or absence of explicit links which provide 

..■-^-M "' '■■'■^-' ;--■■- 'V:t/r'^ .nud..s .'K-- ;^■<] i '^ ■ v 
the information to the right of the "=^ ", provided the information to 

the left of the ''^'' is available^ 



rf%fe»es!e'»*"''>**pLii i> «j>iti*»«««spris¥-^^"j»- - 'Y- 
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The "STRIAMLIME" operation starts with the object x which is its 
argusient, and considers all objects lioked to x, directly or indirectly, 
through set-inclusion or set i&esd>er ship. All explicit linksSiunig Tihese 
objects which can also be deduced"1>y"ir»C"bf the at>i6ve known theorems are 
deleted. A tesponse of the form "(f K»bBT THE SlEt-ilKa^ RELATION 
BEtWEEN y AND z)" Indicates that whatever links were created by some 
sentence of a form similar to "(E^RY z IS A y)" are being deleted, 
and the space they occupied is being made available for other use. 

In the above exM^)le, the STRlUUMQLINE operation deleted more than 

_ ■.. .. .- :- . -, ': --^ ■ v^ ^ r,;:o ) ■ '; . fan;; ia ji.»i jCks c''' • ■ ■'■;■:''■ ■■ ■■--^ 
half the existing links, at no reduction in the question-answering 



power of the system. However, the time required to obtain answers 
to certain questions was significantly increased. 
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Chapter VI: Formalization and Generalization of SIR 
The present version of the SIR system not only demonstrates the 
possibility of designing a computer which "understands"; it also points 
the way toward more general, practical systems by providing a useful 
data representation (the model) and by suggesting useful general 
information retrieval mechanisms. 

sir's abilities were illustrated by Fig. 1 and, in greater detail, 
by the conversations of Fig. 5« Unfortunately, the system is quite 
limited in the number of semantic relations it can "understand" and 
in the depth of its apparent understanding of any one relation. More- 
over, the present system has some basic features which make these 
limitations extremely difficult to overcome. 

The purposes of this chapter are to identify those features which 
make SIR difficult to extend; to point out how those difficulties 
arose and how they may be overcome; and to propose a formalism and a 
computer implementation for a more general semantic information 
retrieval system which has most of the advantages of SIR but few of 
its limitations. 

The SIR treatment of restricted natural language was discussed at 
length in Chapter IV and is not of concern here. This chapter deals 
only with the action of SIR on relational statements which precisely 
define the desired information storage or retrieval operations. 

A, Properties and Problems of SIR. 

Let us now examine the present structure and mode of operation of 
SIR. In particular, we are interested in learning why SIR cannot be 
extended in simple ways to handle a greater quantity and complexity of 



' V***^!>5^?*-^= 
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irffbttttfetlon. 

1)' TeoKtkBi brsfanlgatlopi The pireatetit c<HBpater implemientatlbii of 
SIR is att intfertfi^eiidfeht cdllfectlM 6£ specially dllltfen^ds&bp^gratts. 
Each dtfferfeht itifdiAatldn storage ot tetrieval bpfe*iitibn is cdntrblled- 
by a different subprogram. 

•Such a diffuse progtaan structure has a certain advafttage for pro- 
duclttg^atly results vlt!i a ti&f eipetlmfehtal' iyStW; SllR '^'pri- 
marily developed as an experimental ^ehle'll thrfeu|h which one may learn 
the best forms of Infbtfeatlon repffeaeiftiitlbii <fid"the'be*t stbri^^e and 
retrieval pf odedures . As an experlineAial dfeii'lc* , SiR must be easily 
anetiable to changes in its WtiruCturr and itto^eis of bi^etatib^ The 
progtaraoer most be able to ledlrathfentoit useful 'liitet|retitibh^ of ' 
relational statements and the most useful responses the system shobld* 
make. This learning takes {> lace Mali he triesVby ineaftr at a| hjoc 
changes to the program, different Iht^rpr^tatlbhs ahddtffefent response 
modes. These progtira changes are feaaieSt 't&'t^feie' if the >ibgram cbh- " 
sists of many separate sufepfbgraifis wltftbiit miich overall structure. " 

As such a systeih grbws mbiee cbrnpli^fcatfid, each bhinge In* a sub- 
program i&ay afffect table of the other sulj^rogtdns. t^k ittucture 
becomes mbrfe awkWatd Itid more dlffifculttb geHerall^e'as its sl2« ' " 
increases. Finally, the syistem miy befeStte'tkib iiid^ifel%"i6r^ fi^^ 
expetlmentatlbti. (SIR Is preaehtly clbs^ tb fe^ls pblttt of dlrtiftisbibjg" 
returns.) 

However, by the time this barrier Is teached inahy ftultful rbsdlts 
may have been attained. Ad hoc features miay coalesce Into general 
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principles. Desirable features may be discovered, and uniform methods 
may emerge for handling problems which originally seemed quite different 
from each other. In "particular , my experiences in developing SIR to 
its present state have enabled me to specify the more uniform, more 
general, more powerful system proposed in Sections B and C below. 

2) The model: The model is a flexible body of data whose con- 
tent and organization are crucial factors in SIR' s learning and question- 
answering abilities. SIR' s "knowledge" is derived from two sources: 
facts represented in the model, and procedures embodied in the program. 
Basic procedures in the program provide for automatic revision of 
the model, if necessary, whenever new information is presented to the 
system. No such automatic procedures exist for revising the program 
itself. 

The greater che variety of information which can be stored in 
the model, the more flexible the resulting system is; the more 
specific requirements and restrictions which are built into the pro- 
gram, the more rigid and less general the overall system is. It 
seems desirable, then, to store in the model a great variety of infor- 
mation, including facts about objects, relations, and the operation 
of the program itself. The program would then consist simply of 
storage procedures which would modify the model, and retrieval pro- 
cedures whose actions would be controlled by data in the model. The 
user could then simply "tell" the system how to change its retrieval 
procedures, whenever such changes are desired. 

Such a flexible system, whose program is "driven" by the model, 
is an ultimate objective of this research. Unfortunately, this 
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oi?;|ec«lve aust he s^prpakhei hy i^cceaWi'Ve a^it&viimitiptiii . A aodel- 
poffltroliifed' s}f«tett i^nfwt' ^ d««tlgp*i4 «t ttiebliC^ief ti6t--tl)« fottiJuirlflg' ' 

a.e Ii) order tq store all the significant, controlling information in 
the iBodel, we must first discover 'what const itgtes the significant; 

inf9r^^a«idn"''l|i it^kmmi^ iftffeiiastloi^ |g|#|lMtl*' j|iiaift;a^::AI|iii^deye 1- 
oping any workable prograaa^plusoiaodel system we are in a better 
ppiitipi^ |ii tiiogiiiM»-t¥flty^^Sf«ine^fi««ft#eso4iM'^fb ItihSfi*'--"'-^-^"-' 
control of them to the model. 

b. The value and efficiency of the systCTsi depends upon the structure 

mtHrN^iM^tU p6|tii^«to*^dfel-'iM4ri8fci--'^- 



of fhe-'afidil~^'itid''the%aiHl«r'' 

One should limit the co^>lexity of the iiodel until the organisation 

of the mp4el-^«d'of-^*:!»fc5eWiri(fi ifsli#flafi-^bi4n"fif8#ijJ"^fiisfilii'-- '■ '-"''' 

c, r^k ftm^ ef-ft«w*^^t0'*X|re||fHaat!r«jf«llig«IMd*iitfaii #fit6h we ^■''^*^'' 
wish to add to the model, e>g., how best to describe search and 
de4wctt©«i-'f*&«e#tisr4uirgi-^S^I#«t"ill«ti^#flh%*^#roSltes pf-'-- 
representing and util^ing that in^ormntion onf^ it is in the model. 
fomali^mm iUctni^ s&m ceStr#t4^Me<lii*l"iJe^^Ss|#ir to-'^*^'' - -' 
devise after sc^e expeirience has been gained in the use of similar 
pi-oceduresw-'-thir'eitii'iid^iii i«"etl|At t»^ill^^eS«'liveS6i?'^tfRlr&ui(h^--^ 
experipentation with the program portion of simplified semantic . 
information' »§fe*teval«i#^fiai7^^^" --''^ -'' ^^■^3" ^-'' '^'C -^ .v.. .•.. ,.«..,, 

. lii sm.me^Mi cmaUts aiitif of ^Jte*cf f^ildtf»'y?%6leetS^^at»d -^= ■ 

of classes. The number, kind, and inti^i^ifc'^f^on -Sf ttife^^^si^ipftQfs - 

(attributes) in the model is d«t*j^ihSiM^^'^A<*'|^rogi'««fi' fli^ inf Onttst ion 

about :]^&w ^tire TAeiimMii ' of cerrgM ^W#r tbi^i^S ^ii^e ^r^tftffNM ''t6f''ii^"imii!T ' " 

is irt#Qtpo*ae«d ^Itt ^feM -tul»p^^r*a!B# H«^f|#»l**Bteti^*t^^ ^«lf ef l^tttes ^ " " 

rather ^ran'itithe-morftfl*;^^ ■-■ ^i^-'.;^"'^ «a . ;ro.;.;'i*B3;. .ic i ■.:,..':> ; •. .: i ^: 

with -thf-systera *** -Wm^gWr %« t^ -tWe^^^ftit ^^f*^ -^itt'^mifljletteif ■' ^ 
pro^we an Ifia^ovedv ^*8l0iet#H^«**^ctiBi^'^^!^ ii^'^ ' ■ 

secHottf 1 «BJ* 6 belor keei»» thre noiiir Tpt^dit ^i?af^i*>tiKli» oriatft»a^ 
tion for Che^ttotfelj ir%«nHMiwer thre%ate^i«^fo^ stbrelt '^ 

in the^*fcki6^V it trsrifef^r iom4^ «# tfhtf ittPtot^ia 
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from the program to theppdel; api, it pyawidg^itivpjW^r wlt^ »iip^lir>i ^ 
f led m^thpd for experi9ept4*& witk tlh*, 4?^ pfe the n, 

system. 

3) Quest ion-^ynswmiti: iBgtftf 4; ; "la order ■ to. deg<;riba bow SIR'*,, 
quest ion- aijsw^r^^^ behj|yio;r h^f, been^,§f^^ft;vfd,fii9d-jhow^^ l?e , 

improved, I must first introduce some notation. As described in 
Secti9ti:iII,D«3i, each relation in thei^lRnfyf^fPfclsi'lJdyiBdic^eUtioB 
and hence is rilpresentedia the J^eij,b¥ ivj?i#i|rij^t?:,llBks» r 
Table ^^ givef t^he cprreapon^e^iee jbi^fcvef^, Tfjtf t;ilon=,jft|pn«8 !»ia4 «ttrirf : 
bute names, aiad a tj^icfl Englifthi infe«?fret||;i9euiior,je»qh ^^elationi^iL > 
Note that I use t;he f»miU«ir in^^Jtxes^'ji;;'^ f^.%nr*9»? g«^^ 
and set^emb^rship. respectively. a3,thQugh fuB^ptip^J, nQt:«tion» o 

e.£., "equivix;y] ," is used for all otli^Tift^^lmnSs AlfO, the 
usual syiBbola 9^ mathematical logic, v^ich J^K^^^^fiaa^ ,to 4g»p?nd 
will be ^used belov *»hen convenient -^ 

A r^laticai "ho,lds" for speci|ie4,T^ri8umeats^ J.,*,. ,, « rrclation 
with specified arguments (calledja ,4atE<^iiQf t^i^l ia "%x,m ," if <ad ©jsly . 
if any jeaftonable gngilish i,nterpi'^t*y.Qtn,s%f t^ jKiei<*.io^al.^^^ 
is a true English statement. An English interpret,#feiO'*;''*i<*uld be 
considered "reasonaLble" Q^ly i£ Iftef a*^tut^l7?Lf^ijp4^e .j^ri^oMsing p«M 
of the system would traQjsljatje it .iptjPijthei j^e^ ,r%l^t(;^l *t«tem6iM:. 
A relatioii yitb^pecifi^d objects &a. jg^^y^^i^^^ fiJ^iljyXa bru^ 
objects .are linked, , in th^ modfipby ph^rfitj^xdlmf^i Whicfe coi^raspond, to . 
the relation, ftowever , frequently such- %^CiaAifj#te. is "Cru^" even 
whentJjts- ^gumenta are not directly linked,, Ii^^i^tcbi cases the,,tif=uth 
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if 



Relation 



owng[x;yl 
oim[x;y] 
p«rtg(x;yj 
part[xjy] 
right tx;y| 



Attribute on 
property- list 



StJPJBteEt 

EQlJrr ^ 

OWNED-BY-EACH 

OWNED 

SUPEKPi^lff-pF-E^CH 

SUPEKPi^T 

LEFT 



Jrtght[xtyr JtEPT 



Attribute on Typical Engli^^ 
property- Us t ipt erpr e t at ion 

'Sl^S§f""'' '' ' "An j^'li'^a' Jgl. 
Elia^l^'''' ""'' ■■ '"■'x'is'a'^.'"'"" 

, ij^^'B*^ -:=* j„: ^■v~^'^ sc^'^ name thfe' saae 
, obiect. 

POSSESS-BY- EACH EyoFy y owns an x. 

POSSESS y owns an x* 

SUBP*KC-OP-EACH ^n x is pfrt of ay., 

SUBP4BT An X is part of v. 

RI(aiT Th«,x is to the right 

■^" ■■■-'■' ot tne''^.'' ' 

jfelGltf " ^' tt'4 X is Just to t^^^^^ 
, right of the y. 



Table a: REUTIONAL fOX/^TIO^ 



of the predicate can be determined indirectly from other information 
available in the model or in the program.' 

SIR contains a separate subprogram for determining "truth" for 
each relation in the system. These are the 8ul^fO|rfflB8 responfihle for 
answering "yes-or-no" questions. For example, the answer, to the 
questipn, "is the chair to the, right of th^ table?" would be found by 
a subprogram called "rightq" which deals with the truth of the "right" 
relation. "Chair" and "table" would be the inputs to the "rightq" 
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program, which would then search the model and make an appropriate 

responsf?.,, .■= , ._ _ ^-,,^, ,^,,,..^ ^^,.^ ,^,5.^. .-; ; , a ^,^f-j 

During the development of SlRVpr|>fcedure8''%br est a j> tithing the 



10 



truth of relations hjpd to be exp Ipy^ ^ j.ndependent ly^,,£a|^^,|^ch relati^pa 
and so a separate program was wrjj^fi^^^or each relatj^^^^^,. The detail(|4j^ 
opejatipn ot_ the^se subprograms waR,4ftacribed in Chapter, y, NqVj, tf ye 
consider how to generalize the system, the time has come to look for 

eatures or these subprograms. Such cooBton teatures could 
serve as the basis fbr a simpler, more' unified program structure. '"' 
Indeed, such canraon features have oeen founii, and they are exi)loit6d 
in the general system to be descirlBea In Sect ions* B and C" be loW."* 
The first steip In trying to simpltiy the truth- testing prbcfedurei ' 
is 50 express the jpi^jpcedures in sujtil^, |^ way that their,,.^^^ati9^8 5 9^^ji 
easily be compared and understood. In practice each of the truth- 
testing subprograms operates by searching the model, looking for 
certain combinations or attribute lihkST However "^ s ince the existence 
of an attribute link implies the truth of a corresponding predicate, 
we may consider the subprogram as deducing the truth of a predicate 



from the fact that certain other predicates are true. Such deduction 
procedures are conveniently expressible in t 
calculus (the "quant if icational calculus"). 



procedures are conveniently expressible in the first-order predicate 



;tt5 



Frequently the trutfi' of a preaici^e'depencls'ui^on Ihe tact that ' 
ttie relatloh involved Rds a special pfoperty,'^^.^., transitivity. ' 
These properties of relations may convehtently '^1 desciribeci by ^defini- 
tion" statements in which a boun^ variable 'stands for tHe name of 



some 



unspecified relation. Irhese leiinlt ions' are*' si^iy abirevlations wtilcfi 






i,-n:V^:n-ii!tfipSi^S^gS»f K«-<*»"^ *<-J'*<»(SlW*^*H'-' 



will h&^m^ ordinary quxiB£tfic9tim»Ve^lea%ii^ 

"Bm tpropemimt steflneti bekw «re u«e£ul iov d«8ii^iMQB soiae oM thft 

SyniHsetry: a^CP) -df (yx)(VyHfU;y] # HyixJ 1 
Reflexivity: £(P) -df (Vx^itCjSH^i 

Transitivity: 0'(P) *df (Vx)<VyKVl)CPl^;y3 APty;«l =^ PCxJzIJ 
The following logical »«{|£ei)^e» j)(»'14 i^itfoug^out SIR and represent 
basic properties of the "equiv" ?el«ttOJaJ 

(V PXW »sW^>0*^#i{ «x syl A «*!***»[ X ^'il *^*C a ; yl 1 

(VP)(Vx)(yy)(Vz){P[x;y]Ae«|«^*i«i*^«x;8]] 
Table b. lists jff^M^M* c«AcwjyH«5«!^lriMpen6« corresponding to the 
deduction procedure* sptii«llyi«»«dj»thjfc'#l^ for truth?, 

testing. These statements were obtained by atudyl^ig the SIR sub^ 
programs, and t4»ey |teei«Cia|bely ^epf^««^«% i^fewft o^^ of those sub- 
programs except fi^r; tl» fp-U.<lwliigJ t. 

a. All quantifi0^;>ri(^Ht ever pnJ^ ^|k AiiM^t^^'W Pf objects, 
classes, and relations represented in the model,. 

b. Each subprogram contains built^iS;if^^ltiii««« for searching the 
model in the course ^ t^imt^ fee iHp|»3^dift«^ ol tto deduction procedures. 
The linkage i*tr;VMc||»»)p <»£ .^%^w3^\ ,*l||i^ ^e ^:®S8r«p« to make direct, 
exhaustive 8e(w:;#l©W^«««i^ '^,*JI^ S^^ ^0Pftioi|» Qf the model. 

c. When alternative deduction procedures ape available for testing £| 
predicate, each subprogram specifies the order in ^ieh the procedures 
should be attes^ted. As is illustrated by the "Exception Principle" 
(Section v.B^Mt«;idiK;»ie fftf ^tmiitfm:ilmiimmi^mwmmf^mm-mff result 
in different answers to a question. ^i« meena th«t, frop a purely 
predicate'-calculus point of view, the de4uctlan tf5f64ares t0|ether 
with the'*BiiQ^a»ateloi%is«3*«(4 i% 

system. Therefore the order in which deduction procedures are used 
influences the answers obtained. In the present form of SIR the 
ordering rule has been that those procedures dealing with indirect 
links are to be used only if no answer can be obtained by using those 
procedures dealing with more direct links. 



M«ii^'«ra:r"— ~^ t- -ar'^^y^'^^i i iia b gji iit a fr T-*^^-" ly--^ 
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d. Each aubprCngroB is iiidependent jffid ^a}ntidi3H»i'^K>ngkl«ttt) .isr^^riaac fdti 
its deduction procedures. Since some of the deduction procedures in 
d i £ £er ent s ubpsagraoM as^ sdjatOiari*^ mam 'Jfito^^csm cfna^fafemt m 3«|4Max'- / t i ; > 
several times in the SIR system. For example, programs which test 
\^(Sthsar 4i paig<ril«iltwr i^lama- ilacbiaiLonrfer »lAfeii3ifc AdrM^ «p{)esa£qi»f|no8ir of 
the truth- testing subprograms. This program redundancy results from 
the independent subprogram organization of SIR and should ?iieixwi<»ii«^ I. 
in a more uniform system. 



JOUO-jfv 



Relation being tggt^d Deduct icm FricSdanfanrefs* t ^ ) : • ■ : ^^. 

2. x=y =^ xCy 

1. ieqtiivfxi;34'=^»Cy 's.-ii^-^ 

t 4. ofex/vscCya*' afey-:" ■ '"'^ ^^-^ r,.j-_r...o^u 

equ iv 5 . ,6 . , 7 .- 4^*ipilJSf3; » 1^ yipi*v^](,:4lM«^tNi^] 1 

owng 8. -v^o^fij^-xjje^,,-- ^^ ; - ' • :<sV'' ; (/ V H ■•• •- is;'^ ^ 

9. owng[x;y]/s,zCy =>owng[x;z] 

own' ■ ;'!!-. -'owiit»;3^i/v3^^*^^<»»«<^if;y^'^-^^----'-- - 

12. owng(x;y]/vz(y ^ovn[x;z] 

partg 13. ~partg[x;xl 

■ 14.;- pa»t#»j=yt}^*C^-#^^P**€M*?«l' ■• ■■ ''■■' 

part 15. part[x;yl/s^sC^C!*'*ni'*i*a^^rJy^' ic . 

16. part[x;y] Apartglz;x] =^part[z;y] 

' ^ ' 17.- -pa#tgf^ii5;y3jA^6y^iW»«^^^^^^;"-'P '' 

right, jright 18. right[x;y]=5»/>-'right[y;xl 

20. jrlghcl^yls** «5t8^t*cj^ ^ 

22^. ■ j*t#ii:^x^iflA^»#4(»**!^^tt6{'^¥t''" "■■-' 
23. rightlx;y]A right[y;zj3$> ~jright[x;z] 

Table b: DEDUCTION PR0Cra)ina>»^ ^ I^IR 8UBFiet)GR/tt& • 



't^.iXiXt; 



UniV«t«a^ <{ua»ti^ieation <yver all f^e varliatPI«a is' ^^aautted . 



«:-s?*-''SRS!S^'; -» -• '-• - ^•»|!«Bf"«H*.~» i.~ ^ -r' 
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iliu&i far Z httve been discussing onhftho^i feoj|«li«i wbA<ih atiafWfer 
*'yei-err-no" questicrns. More cotnplex questions, .»«l6h a* ''t*h*r«,ii80the 
t abl^f *^ ««i '*H(»#-iaaitr f ingcii'i d»ac d#hft^li»v«f ? , ; eeqclili diif «f enfc 
qtifettiofiAiiiirweiritii pteccdtttis . 41W: MMBitki^^wUiliioi^k tttibpf ogiratt. 
£ot «a<:h (bf thiiie ienftcjk q&«iiloit f(NRUi::oTI|e«Ki8)«feptegraaiii willbe 
diScaileiiiiEttt«hiMti'iw-»itii»ipli-^e**^»€i4iMrw .. i^>i :.-;ni 

B'*'-'f6tflMiils«-f8r-i:(le«et«l^Syi««»i- ■^■■■-^ ■'•!■; 

ai^en « ittit^Mi foMll ByBlefci' f gep««it«i«»u»h*«tB«tlagi8aapr£>gr«in 
tat each *tl«cleit in tli»^ Sit sytttfc *wfel« 'toS »* tuietssrityi Inifeead^i 
ii ilftglli <''ptoefat>«o«*<>^*"''9«^8*<Mi |lttl«o|effVjtiiotoaiuHiretiag>ali-:'. <v^ 

1^§49A{ieHottpitdcviatmB:!oi-^TIiM(tih^^^ as tbeDaitiafcic 

df such- afOiriMi lyitiiw -'Hewal^it.-wtbi-iMudS^ ofctiulseiiyaxloaaM,. has.- ;.;■.: 
Suggfesfeid ati iit«#tiiiti«a ifititt «lil£htlft aotfk t^ottlii^iJineira ItitMCitteiy 

mfeatttiigful, and easier to ep(Biid6tcr^iii^2»tl«**?'^a:!i^^»lll4®'*"^^ 
•fbttMl-iysta*'- laqthrt' sttbjaofc b*ith4a'jae«iEitw*»i- i'>:i- ' 

I) tftfe»yaityi4jftit two «»iafciBiii HiMttitt*^ if'r-.itedtdat to; kaat-.. . 
the «t«lh of a {tridlMtt iiwoiir4t^pj«m« •€ith<r!#*l«t4»tt8:^j it i^^ 
flrtfe to tist th« ttath ot •oaMlTt>t«d4tit«q4i#ot»lAi^>»^fe othfetitb^^^l^ 

-«^i»'eiNi'o.t:tiiot«J¥«44t4i^s'''i|^»»ltl^qj|« thi iiNfeii Mi^l4i0i^#tociflttto.'':'i':i 
statetBfe^ ltt':-'fiiH^*^'.»'»e-:iMir-^«*f'*'ha«yth»a«^t«lafe ■■■ 

Itttfeir'ictlohS'iiyy. ki C4»t8-Wtedg4lrf»r««l3^.i«i'ie4i«irti« : ^ 

a . I«t«t ict ioiMl--i*»lretit. th»4 ofiC? lrll*41«rt^«id.! .iiOoie':'«t*Bfer& .!r«l*ti:oH.i,, : 

hi tMfe¥&fetlo-ai^biit#iiinnr)Bl-itiAtte.tilitt«»^i B fe« i ti» i g i mt* «4isldar;.tttr:««ebb 
other. (This ^'similarity" will be dOfitted iw^re precisely ift Section 2 
be low 
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c. Interactions which arise principally because of some peculiarity 
of ioae rof fcke raJjaCiioaq iBwdivfiw^-- ^^ni 33i;.5R>i no-ao ■*-;.:-; 1 i&l ji. i^ 

d.'^^'Otfeer :interaettton«. c -:•■■-■' ..-^ V-,) -^,;qraoo vr-;.-.; . si.r, i .ris^p ";;ri.-:- --■ 

IftCexaitt ions avpaof intsrestsabecasMe fch«y::rti:e«iie!ntfaeHbi|^cst o z i 

obstacle to generaliJBings^the iSlA.Bytttm. , aVkBimv6tqaf:n*!WjV*iL*tiotij is , 

added to the systetty the iprogranaer ntii6-" idisntifsf n«il tha~ relations 

in the system which interact vi^MLeh&.GeWqCCii^aeittnsraaiidWKllfsr: £he . ^r 

system to allow for the interactions. With the present system, this 

means modifying each of the quest ionf>*»iwBrlj^c*Bi>prog«inMiaa$««e4ltedf 

wil:h:^hec ijwfceracfiing 'rela£ioB«. 7h^l0ir«14«l>lexr«ptfe(reffminc task 

acoounfesi for the fact thafioth6fiie4u«ti«?a8«||fn»itiBi the pSM«nt 

versioixJof SiRf.donBot: illow fosiail ibfeegio^ultlirftJyomecisaa^y ittter* 

actions between relations in the system. For ex«nplifei ifpSI& is /' 

toiduthat >flia x; is partooEIewsryf^asrtdTtlMitgBioimaoSqX? It CfcBlaot r 

dedueeiithatio£:0Wnsr:«n:txi TojperidYmcthi»w«nd s4baiii«c Amiuettom ^^ i 

SIR would have r;to!^k»i«V ahoatpMdd±ti.etml}if^exmttitmB .itmtm% fchs s,?. 

r eiat ioas gArt > ; plrtg ji o<m% 1 e<mg: infei J afadsgja f;j -lui-u:.,, '-^-:'n - h.i :.-■?: _,.:.. 

Almost all the interact<io]i8r'ace6dstM foc: lncthitjpres«Bt sirst^B asd 

in the deduction procedures of Table b. are of type "a," "b," or "c," 

aceording totthej above tl»B*±fit^tijiml schamec^l.e^i^ntfea^! inyolve(the 

'relations.^ or C* relatiensnirtiDaeeiaea^dtigftraffe aiaidiMiior r«lat499Si,L 

wi*h individoal ptcifdlar p*&p«Tt4«lB»tqTlMtofotiwili»yft»|tt03^ 4$s$irib«d 

below5W,iii:«14miaatftithft seed for «atpiAe4<iyaieeftiAtf#f iafej unyo iefearagtions 

of these; tbareie tj^^BiHiOnc* *iaei»t;*»latio^ji9iprpp<triyudl8erifeaA - 

according to 8i«plfe> iatuitfawirttiftsijsafejrrityp* "a,^4;Hbjj|?.!j&r-.?'eV .^ 

interactions b«twe«a dt;>iaod.otb«t,rCl»tdQ*»a.^wili'j«S*«Hva*4c«Uy^^ 

ffittamnfeedufbr by tbe b3«le«^i systiSK.? AltiibBth;'0*^««'i(tai?i»>"ii'' 
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actions may still exist, they will be ea$yC6<|escrii*«tt<i modify. 
For fsxm^e, a sitigle Blmple staten«ftti will be fuffiei<fe|it to x^e 
the syftem "aware" of the Interaction l^^tw^en iifxt^fhol^ ,atid owner- 
ship relatione illustrated in the ptifeVitm*'p«rigrii|hl 

2) S^Rl; A prop^tef formal,»Yl'ti|»y ,$of tt^tj-h^f^^j^r^', The 

totm*l system eallid "SIRl" to be proposed here Will consist of: 

definltlfins of certain terms, including tetms,«fe^ich 4e««ribe etrings 

of siymhols; e standard interpretation for the fiyttbols; end a 

logical method for determining whether certain strings called 

^sentences" of SIRl are "true," The significance 6f the system is 

that all "yes- or- no" quest ion$ which can be attstteted by glR, and a 

great many which cannot, are expressible 6» eeritentt** In SIRl; JL'.e., 

the standard Interpretation of a formal sentence la. Its corresponding 

English question. Further, if a sentence is. "ttue" Irt SIRl , then the 

answer to its corresponding question ifl "yes." These points will be 

Illustrated by examples below. A c6B^uteir li^lementetlcti of SIRl 

will be discussed In Section C of this chapter. 

a. Definitions: 

basic oblect ''df any object t^lch is d^sctibed i« the 4^ 
which has the follcwlng property: No object described In th^ ttddel 
may be related to a basic object l^ being a mai^ber or a subset of It* 

baftjc relet Ion "df a symbol which nasiese relation lAose argu- 
ments must all be basic objects. 

variable «df a symbol used in place of the fiame of e^ws unspeci- 
fied object described in the podel. ISie etap^erd Interpretation of 
the name of att bbject Is, of cbuirse^ tl^e dbject ifcfeelf. 

basic predicate »df a basic relatloh written iis a fiinttloh of the 
naaes of basic objects or of variables which stand for the nxnes of 
basic objects. The standard interpretation of a predicate 18 that the 
specified relation holds between the specified objects. 



--tsf^ t,J*~ 



where v^ is any variable aiid v- Is any variable, any object name, or 

the,jp^ci^l,^X9b9l,"M^Whf?^,,8t^^| |9| 'Mfh"ls,m'>i ,kmm^i^" 
are related In the first-order predicate calculus as follows: 

•,U"(Valx)i:ferctjr=ll ^Va€M!)[a€x'#Rraf1 '"^^ *" ^'"''"'^^ ''^"'" "''' 

where (Va€M) and (3a€M) are the usual universal and existential 
quantifiers of mathematical logic, respectively, except for an explicit 
remlndei5,,,th9t;^^p.rai»Sf oyer goljf Sh« |4.nite uglyersj? ofg9bjep^8 
described li r lliM u ioUe tt- atid^'ltCtar tr ii«y predfeatev aithougli It usually 
conta^i:^s , §t J^fias| , 9^e pppurff |3g§.,gf , Jhj? , sy^jMOtL^fPf p ISf,. f rgw^i^jk^f . 

Is any ^-quantifier. The flrSt variable In Q Is then called bound 

by the^|,g}ianttfi|?ft;|o^^,9f,S,fo?: fU^it^ occugp 

Including occurrences as the second variable of other ^.-quantif lers. 

A link- predicate is defined recursively as^oliows: 

11) The strings "vjEv." and "v^«»V2," where v, and v- are any object- 

ill) An £-quantlf Icatlon of a link-predicate is a link-predicate. 
Lil^TPr^ffja^fSgMjf.^^^used t;9.rfp|?|(|^t,iyg8t_j8|p|^e^.5?J,||tipgi| ^^i(^^ 
are represented by attribute links in the present version of SIR. 

A well- formed- formula (wff) is defined recursively as follows: 

11) Any propositlonal function of wff's is a wff. 

lil).A|iy47;q^iBn|||^fatio9,,of |:Wie|j^§3a^w|j^,K„^^^ .^^^ , , , .^^^,,:^^ 

i^n;,oc!9uj:r^i^j;e.j| ,a,,yar4ible^,iR f wf f ig,|Cal]Led.. f yee r if the .^ 
occurrence is not Sound fey ari fc-quantlficatlon of some string contain- 
ing that occurrence. =. . 

A sentence =df a wff which contains no free variablt^s^ , , , j,n 

L An ,Qb4e(;|;^p^edf cj^te =<^g a .w|f v»jil9b.,fl?ntai|j8Tg5|act:],y .pne fr^e 
va?:la]i)lS^ . , , •:.-,.,-,,,..,-. \, ....... i~T"r.r"r':.~T "■■.;■.■. 



b. liOgical system: 



The a ^j , gqjis ,Qf $1^1 are .sentencea.w^jch. j^oder |t^iidard i^i;ei:preta- 

' ,:■. ■ }i- J ^ '.:V: ■^'ii: i o^ fjb ;l, j:~; 'Jill ■i'jboxii ';.iJ -;..^ 
m, describe prQpert;.],es, of. indiyi<|ual bjssig i 

typer,"d" interactions between basic relations. 



tion, describe, prQpert;.ies, of. indiyidu^l bjssig r^lj^^jtpn^j^a^^i aj^ef^iry 



,»,rai-«i!w-T" r- . ^ . • -'or -^tr-Ktrt'T^ .^-»m:^m:9mt• V'. • • jr -- / .<-f'rag»«^9>s aa i 'i l Wi<4itWM W p ^»^*'g*''»ysi:*i»<'<''J u ' llW '"^ ^-.r-g--*^. v»-«i»#* 
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I.e., it is d "trtie'* ft^lffifeiii^ sf-iliftl^p#6#idii-''|IPi-ji^i^5iiii*ftia^' - 

Xii other.woidis^ ^XRl is tM!iu4ihX» t? the duantif Icational cdlculus. 
This reducibility priividea #''#ltfe iilh&a^ *ft^ti«M»i1Pi*»% tffefeoaiJof 
quarifeificational ealculufi, siieh iii §iil4t«iiii^«%*f^»ef4'^alio^ = ' 

IheoiMi..^ ,H(3WeVer, we need different* mtt& ditedt ittethods tot testing 

tiife WMitr d^'fl#"*^rtSiifcef'wkittf''-a#i^W trl*W«^<' 

testing methods tMl^W^^^MMi^ ^ tM^oii^m^'mPWk^iiiA^''''^' 
st1±ute' th^"ijaiib^'^tifei¥i&fa-irii*^i«ipii*t dt^^*-ifeifeW»Il««t "^- 

semantic itifbrmation retrieval 8y8tein*r^iib^[4vHt-y kg^lAiti' |fll:%t 

detf^Rbf^ ^ tb^mW'id^sta:itkt' tiiHi^^^ftFISit'iiiitii^^'Wftdff^leilsrt&tratfes 

' I < ■ ., ^ . 1 .!.. ■ . , >. ,. .■ .. ■ -f. i : ■ £, . i, J ■ft.! . i fjl. . — • 'U -i^J 1. :.- ~J j ~ I- :• i O 1 . • . ' „ ^ ■ ■ ''.'-.' ,1 ■ .; 

- - - - -W^ "■■■ ■ 

sehtences with respect to particular satt'tet^R - i'%teiri# ftffffcifeW;, 
heuristic approach Will be described In patagreph C.2 below. 

The 8l!fti model is quite similat to the ^^liSiiai^^ It «3i^ tjf 

^■fjSiitfe'tiyii)eryi'^bbjte<af'tiAfe«v'^«rtat'^ w a 

firftfc^ ViMk at attVl^iyt^fi^alti^' p^lt#/^^fti^ -^tftirflHjt^^V' n«tos i**^' 
' dtj'fefet-^r^ttei1:te-^im'*lfe -true. Wf -'tl^^^ffb^ ^S^fc^- \)i« -ii^ ^^ -ISfe' 
a link which relates the described object to another object. This 
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latter fti^js^ct is named if ^l^gt^yjiHf S^SS^fiBS"^!?! !?? ^^^M^^^^^^^^^' 

more pregijiieijf. , foi;, present j^urgqfea ,;^f ^gj ; ii^f jElf^^egt J^p^aijgy^j^. |hp| 

SIRljBje^^l c«a>^^xpr^8ged,4f^,fpiae.|fg;^f^§§{iue^,^^y„|l^ |^SJ|i j?#;ijfpe. 

dedue«43 front, |h!^.j;Rl flxipmg ; ap4j t^e^inf^jfi^ft^^jt^fj^lltg |]^El^^yo|^;,^^ 
A dei5ii?io»;p3f9Ce^u«?§ fori tbiSy deficit if )9 1^ ^'si " s ; -J ' 

i) i.ffti; f(9i9b fttributie ift,tl?e,,T|9df^..fy|-gfB|]b« S|^ifpi!yt|39^e. ytii^b^., 
expresses the same thing. 

ii) Let A = the conjunction of all tlm~BBtirrences found in i) ancl o^ 

al^tbSn§M im^a»9^,,^Coxmi4mri^ ^m^m%Bbivn-:,, v,i:;d .,nh.,. ..-r 
(2) As^S 

where ^.jLsp,$hf_;f ei^enee^be^f^,, tinted. ,,3^^^ . t. ■ : -i-if s.^. lar.;---' ■ ,ur 

iii) f Put, ftll 6-ii!wu3^i^ifir*,4i^3 g).4n*.a jthe ]^tf^^ f»^^ b^ ,Ax^n^ f iiuj^jtipns 

(1). ^ ^ '■ ■■ " """'" ■"■ 

iv) Let 0-, o-,..., o be the nones of the objects described-lTr-ttre 
mo44^l, , I^J^natfe,!^ |^i^^fi^^A,iJt^j:^^.^b^ r,^^ 8|jf|f ^afi_ 

the form (VvftM)[R[v] 1 , vrtiere v Is any variable atad R is any predicate 

posfiti^;y,4fpe|«^ng,.on v*nW^*^ ^Wfll^F^ftJ'^*^^; ; .,; < - j.^ 

R[ Oj^] /s.R[ o, J A . . . aW o J ; 
and J^jTj rpp:?^44is,^c^ ^t^ij?^i^^t^.Ig^fm,0pfJi:^l^f^hM^ 
junction 

prepositional calculus, e.^. , by truth-table analysis. S is true 

with s^p^t *^,J^^eU,]^J:l^,S«^y^^ #ft?3^IW^4^ fRjjf^'m^f 
be answered "YES," if and^ only if this final expression is a theorem 

«. ;.,;Eic^?|>.leajand j<yg|j^q|^ ,^,, ::=,UK!ra ^i,iJjD ^^i. ioU;- 'i^U; ;^rrj 

, i^ QbAectrJMwdiflatgft; - As. defined .^ye«.jift^l^ect-^^dica.i;e, is, 
a SW M€: Wl^,^PH.:^.f?ntaip« ,e?5^tly..Qi?^ ^^^j^i^l^,,,. :^. tjv^tj fl^^jji ■ 

ywriaJW-^ ;is,.regl«}_^. 1>j?,,i^,ftb^<ytrfi«B^r.,t^ ^*>4(?9*f!tl»^^,%<l4fe«x(^-e^<Pfft « 
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SIRl sentence. The standard interpretation of an object-predicate 
applied to an object in the SIRl, mode ^ is that the sentence obtained by 
replacing the free variable in the predicate by the object-name is a 
true sentence. ISiis rfeStilt'l'ifig'ifetttTlSiie'^ be used as an addi- 

tional axiom in any SIRl logical 4idtic%iM"p%bc^dure. ' 

Object-predicates may be placfeA tfi^ tW^pi-bp^rty-list of isihy 
object In the SIRl model. The it piitp6'^Wi^^ describe tkbse 
propert ies of the object whleh cakifio't ■ e4W14y t>ei^ expressed , ' In tfefitts 
of link-predicates^ iisipfeiifi*'ili6^tl:dpW^ other objecfcii. 

11) Basic relations ; The "g," relation occupies a special place 
in SIRl because of^ltls &)iAseittOft^^lifr^tSquanli 111^*4, and is treated 
in the formalism as If it vete a baslf tfelatton. Thfe Identity 
relation "*" is also treated as a basic, relation because identity is 
a useful feature to have in a logicaj. sy^^em b^^ed on the quantifica^ 
tional calculus. The SIR relation"equlv'* was simply an equivalence 
relation used to Identify when different object-names referred to the 
S£Dne object. In SIRl it, is s^xf f ici^nt tp, su^^ispe the function of 
"equlv" under the "=" sign; t-^e.f the,fonpfil statement "x»y" is 
considered to be true if- either x apd^ are the same Symbol, or 
if "equiv[x;y]" is a true predicate, in th^SIR^ model. 

The predic^t^s in Table c, show the J)^?lc relations and the 
object predicate needed by SIRl in pyder po deal with all the rela- 
tions covered by SIR programs. 

ill) Connect lof^ ; )^epfe^^^,f\m^m^iiMmiUhmm? • "if^l^i^^z 
lists a SIRl expression which should be used in place of each SIR 
predicate. Corresponding expressions have exactly the same inter- 
pretations; the SIRl statements are more complicated, but they utilize 



rf iSftittipSt^*^. - 



Predicate 
xfcy 

x-y 

ownb[x;y] 
partb[3{,;;y] 
rightb[xi^] , 

slngleE^^, ;^ 



Standard Interpretation 
jc xs a member of the set j^. 
Either x and\j; are identical, or they are two 

i-rl^ 4^1 Pis'? «f |f?:iBlfT ad ^'.^':; h^■ih■:}lr■^■:f - , -^ ..J 

(interpretation: x has exactly one member.) 



3 ui ■, 



; d.no:: ;3s i '.i' 



T«yt)if Q^:^^^^s^M^^Jmr9f mh 
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SliR. Predicate 

xCy 

xfey 

equivtx;y] 

owng[x;yT 

owntx;y] 

partg[x;y] 

part[x;y] 

right [x;y] 

jrighttx;y] 



is a^: 



Sikl ExpressJLon ' 

H ii^jijiOl ','.), ill 3 ■■.'!;! 5 0,. 



■x J 



<Va€xitd!feyT 

x€y 

X"y .- I - - ^ . . ... ..-..,. 

' (Vpty)(|ci!|xytbwiit)ta;il]' 
(3aex)lownbla;yj ^ - 
(V^fey)t3atx^tpartita ;| 1 i" 



lai,:i iJ 



Qaex) I parti [a ; y1 i ^ 



3i.rx;j s SI 



Ji- 



Caa4x)('3pey)[rigiitfeta;p1IXsingletx]A8ingie[y] 
(3a€x)(ipey)tjrigfttbta;p]JA»ingletx]/s^8£ngle[yJ 



. «miiT:10ia JJlc* vf! :,3-, 



Table c • ssaaJi&BOfiyaisa 



'-'Uio.ia .RjJ dw :•;( 



q r-: ' ! 



-~5S»'S-?"«=W«?^<C-Si'-fe>'Si-;'* ».-» .^-. — ^»'»r^,.(^jajpajB»J^pp<,~Si^J)e«i.:^jj5Ji^^|^^)||lt^l^^ 
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fewer basic symbols and they |^i^|i|ptft pi^jqpll<}f^^:ii(ej;^i«^ti;n^^ 



\ 



SIR counterparts. :3i:t i'^nirrivati si H 

The SIRl link-predicate corresponding to "partg(x;y}" in Table c. 
has the interpretation, "Some x is part of evjef^^ j[>f ] (}i|^hP)iS^> <:h4«P)%8 
the interpretation used in most SIR quest ion- ana|«i|di«^Jdib|il3«tf:Ma»c*J 1 
"partg[x;y]" might equally well be interpreted, "Every x is part of some 

^," in which ci^,jt\94aH;i-i^p^Mfimm^¥fm$4^i0^^^ 

should be used. Actually the interpretation of "fM^bf£|c;<|^^u^iftMC«l:e# 

in Table a., "An x is part of a j^," is ambiguous* This ambiguity 

^^o0^z^3(i L^I8 v-if>albto xd aaggsiqxs 9'J lilw s;ii3i9qoTq aaorfu 3s.ij ;3yllun 
occurs because the natural* language input system in the present version 
.f,:oi:}.i_fri j..gj:£ ,s lo ^men driJ vd b^x^cAqsT. ei "?" 9lcJ5.i:fbv bnyocl otrj nsrfw 
of SIR cannot discover the finer sMatiingfl of "An x is part of a 2«" 

Perhaps the most suitable representation for this latter sentence is 

a conjunction of two SIRl link-predicates 

no esjcivlb.oifi looido moTt bsviisb "smolxs'" 5»ri3 Toi -Jqaoxs ,*: r^io'sT 

(V Pty) GK3f€x) [ partbia; p] 1 a ( Va«K) QMy) I p«rtbla; pi 1 

The SIR predicate "ri^t[x;y]" was interpreted as "The x is to 

Btii fii'A? er;<ji jje-raJn] ins&3'iq3i lis ci bos ,(^I ,11-? ,^"1 .on a3-iuUaa 
the right of the j^." This English sentence iiqtlles first that x and 

g!ii;'.n;K;riS;i;i:oD . Hn..,! 33bi;j Jai "a" 'Sqv:} «•£•- lanolJeiji ''3" to "^" 
2 are each sets containing unique elements, "anS secondly that those" 

b^Mii isb fei "O" "^^^ '^-^ ■^'^■' ^^KiJBOstf IMIS ill babasn :ion -j-ay ernoixb 
elements bear a certain positional relationship to each other. In 

1.,' . •>a ,d aldsT , basu i-^it, aioiii ansup-J Visw grfa Jj/jb (^a sJdsT joa) 
SIR the special subprogram "specify" was used to determinib the nature 

of the sets involved, before the positional information was considered. 

ni b^nriati sis ^sa niv b<jud3 sib anoi^sJai "isIiffiiS" ,anoi3:JB-^a3nl 
Similarly, the SIRl expression must be the conjunction of the object- 
lon 31G araolxs IsnoiJlbbA .Ijll£ ni noijslai oiaB<i slgni-i s 'ic iKiM-j-j 
predicates "single[x]" and "slngle[y]" to describe the special nature 

of X and j^, and the link-predicate whose interpretation is, "an x is 

dl .<;" ;j-n;b93oig . 39I5 j rbs'iq-j-nil as anoi^iniJsb iisjii /li UDHqml j-'s 
to the right of a ^." Similarly, object-predicates, as well as a link- 

predicate, are needed to represent the SIR "jright" relation. 

jn-iraaisjc s vcj bB-zuoBdo 3G.'iw3ino8 , (froi jJiiTsJnl "a" ;-»qYJ b) no.i :lsi97 
iv) Axioms of SIRl ; SoBe useful properties of SIRl relations are 

V.110I ^felai "ai:rsq' bns "aisq'' "slimia 3fiJ naswiJsd noi J-JST-aJni 3/1:1 Io 
defined as follows: 
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'■■'(' I 

P is symmetric: 

P is asymmetric: =r i r- 

J"(P) =df (Vx€M)(Vy€M)[P[x;y]=»'>'P[y;x]] 

P is reflexive: 

^(P)I*d£ (MJd£lC)[ PCX ; sell IJ u,^ 

P ie-sefcT«ditt'efl«3ti?WH^- ■'-^■>^ •--■'M^ ;!■- ^-'■■' -^ ' ■■-^--' -,;:>=■-■;,:•;■.---. 
<S5(P) »df (vx€M)'>'(yPfx)(3a€x)[P[a;p]] 

P is transitive: 

ICCe) =df (yx^M)(yy(M)[P[x;y]=>(yafM)( [ayy«»'^'P[x;a] ]^[af^=»**Ia;yl]]l 
Notice that these properties will be expressed by ordinary SIRl sentences 

when the bound variable "P" is replaced by the name of a SIRl relation. 

■, ^ ■. •:.. :;:;e^; ;"' ^ r •^■•' i/. ;^r'ai ~ *-:;»;.! T-inil sdJ iv-oor-U- '-;::■'•• ;.■,;,- '',o 

Table d. is a list of all the axioms necessary to give SIRl at least 
the quest ion- answering ability of the SIR deduction procedures in 
Table h, except for the "axioms" derived from object predicates on 
the property-lists of particular objects. In Table b, deduction pro- 
cedures no. 1-4, 9-11, 14, and 15 all represent interactions with the 
"£" or "C" relations, ±_»&», type "a" interactions. Corresponding 
axioms are not needed in SIRl because of the way "CI" is defined 
(see Table c.) and the way ("quantifiers are used. Table b. no. 12 
and 17 are interactions between "similar" relations, J;.£. , type "b" 
interactions. "Similar" relations are those which are defined in 
terms of a single basic relation in SIRl. Additional axioms are not 
needed because infccmat ion about inta:a(:ticasl>etween "similar" relations 
are implicit in their definitions as link-predicates. Procedure no. 16 
is really a statement of the transitivity of the basic part-whole 
relation (a type "c" interaction), somewhat obscured by a statement 
of the interaction between the similar "part" anST'^pirtg^' relations 



,H^^^?waBii-i¥ im«!t^ii~ .V-l*. ' V> ^sr^'S^'i^'^^pl^^^b^rriST^ — ~r ■^ -■• --^r 
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Axioms 



Discussion 



2F( 



(ownb) 
(partb) 



JCrlghtb) 



•. ■■ i-) 



1!ht« fact tWit **»* l#^an'e«|Ul«(MBlteiicSe^r«l«eiJbn Is 
not strictly necessary in the axloras, since it is 
built into^^l*$f<:»l?*g?WiBta»i-" ^■r^o,<-. g.-r,<--,.iL 



i :i>-l:',>f;. 



;i J 'i; 



c£. no. 8 and 13, Table b. These are "experimental" 
too many exceptions turn up« 






c£. no. i«i TirtJl* *. 



cf . no. 18, Table b. 



^. nfev 19, = TBbl**. 



e^jrightb) 



no. 21 and 22, T«ible b. , were needed because this 



(Vx€M)(vyeM)l jrlghtb[x;vl ^ rightb[x;y]] 



(Vc/xOf)(Vy€M)(V«fM>{rlghtb[x;yl a rl^tMyjzls^^'jri^htbCx;*]] 



The last two axioms represent true type "d' 



The last two axioms represent true type 
ttrt:^tactltm»'%%l^ett %iiaitfe^ ^n>^ f^iyitb . 



;:y^:t or: 



Tabi^ dt^ ggq^kiaafs 



:• I J fi ;j : ) r -, n ■, 



•4' ■ '^ 
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(a type "b" interaction). Interactions 21 and 22 of Table b. are of 
type "c," for they are due solely to the peculiar property of 
"jright" which is expressed in SIRl by""'HOri'gfitb) . Finally, — ' 
no. 20 «nd, 23 i«f X«bl^ b. are time ijfjfpej ''41' ^Atpract ions, and coprt*--. 
spending axioms arp necessary iu; SJ^l.i f^ , j 

Let me now make this discussion more precise. The deductive 
sy8t^m« of ; SIR andSJLi^ a^ i^ptt^^^fifif^iTjpn |^f ^antificationAl - ^ 
calculus. The only difference between them is that the SIR deduction 
procedures, in Table b., are, ,a 4e^^^ifit.i-0jfy,9ft^e operation i^pti^^y^a 
of an existing computer program. SIRl is a formally developed system 
which may eventually contribute to the specification for a computer 
program. If the SIRl system^ith; its ;«hor(Jt, li^ of axioms ^^Sfi^lp^^ 
is already as effective a "yes-or-no" quest ion- answerer as the 
programs described by the S%R,fi^;pit^d^^a J^ijIJftl^le b., then adding 
those procedure rules to SIRl cannot increase the power of SIRl. 
In other words, SIRl must alr^a|^y,,\^nt#<in /«11 /ti^e information avail- 
able in the rules of Table b. To prove that this is indeed the 
case, I have shown that SIRl ,«e]it«xtf£e,S[for^|esp^ding to each of 
the rules of table b. are theorems in SIRl. The method used was 
to reduce the SIR^ axlop$ ar^. f^wW^enfCfi^. t« |Jti« ; quant if icat ional 
calculus and then to prove the theorems by Subordinate Proof Deriva- 
tions (Appendix I). The dj«^i»i.i8ij|ii:* gj|fe5i|,J^j Appendix II. 

v) 6 -quantifiers; The most obvious difference between SIRl 
and the quant if icat ional calculus is the occurrence in SIRl of 
^-quantifiers. These new symbols serve three functions, the most 
obvious but least important of which is notational conciseness. 
Since the value of any notational device depends upon its 
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understan^abil tty , C-quant If iers ^re valuiliti' be^iiiife tkef Ifiaicate the 
inten^ecr' interpretation '6r SlRt seritinic^i to^fH*^ CiSef 'br Madfet^ Finally^ 
£-ijiianttfter8 are Important' tor fctie computer 'iiiplfemefttatloftbE'lSiR^^ 
They are Indicators which relate the formal iy6te& to"'{iit££cdi^r ibbd^i 
search-procedures. Details of a proposed implementation scheme are 
presented' in iSectioii C. "'"''" ''' "'' ''" " ' """' ''''' ;---"-■. '■-- 

C. Implemehtat ion of the General iQufestloh-AM 

... . >j .^ Semantic information retrieval syScem^'smifeh can fee aS effect IvSe 

as sIR arvd yet have the tinitormiiy'ai^ generality il iM WlRi^tbiiiilitii ' 

must have the following components: 

i) a model patternei^ after t^eSt^^mbdelliut containing more comjp let e 
tr^f ormat i^9 JL|i it s lf|^|^ef fn^,. ,??n|f il'-f;?!^) i? 1'*'^^ I ^f f f ^ °^o "**?t?f - **v i'?i!-®« ? 

objects. " e.- - - ..•..r.-'^- ■ -•'- -■ - ..'..'M- -,., . ..^.„.. ..,..,: ..^. .^^jt, ,,...■, ,.o,j 

ii) "a theorem-' proving' prbjgram which can deteraine whether certain 
assertion*. Mff ti^i^,^.^^^pnj^^epasif^^.^i^^i^pf^ ^n|op»f-; 

tion in the model. 

iii) a prb^'rgmminp;" langaagfe for speciJEyirig quest ion-ahiwerlrigpr^ 

which are mq|-^^fmpl|^^j:]^n,^|rut^^te||Jj^.^ ..noir-.r-'^jri -:r, ..o^-cy. . c:..: 

In, addj-tiw.^thfse comypnejilis myft^be de||grvfsd tp wo|-k to^^the^ 
to form |i compact, effJ-cients^S fern. A ,dftailed^dej^fri^t|.9n of each o^ 
these comppnen|.f pf , the. pjf^^ 

A proeram to tran^l^te natura,l or restricted English into formal 
rela^i^fial tf^-m^, and, aiprpgyap to fnney, new, xelationaj. information to 
the model, are also necessary components of any semantic^ ouestion*- 
answeri|i|i s^stem^ The latjfer annexl|n^ program is sfraJ^ht-fpirward and 
all the basic mechanisms ^re already available in SIR. English tranala- . 
tion is a linguistic problem whose detailed study is beyond the sc(u>e 
of this paper. The trivial format-matching solution (Chapter IV) may be 
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used until something better becpmes available. Ip any case, I Shall , . _ 
assume the availability of S(?me mechanigp for .accepting new inf9rmaj:i,pn^ ^, , 
in a form convenient to the human user, and then inserting correspond inj; 
relational information into the model. , , 

1) The model ; As discussed in section A. 2 above, one object iye of 
this research is to find ways of using information stored in the model 
to control the operation of the systemi since that information can be 
modified most easily. Sitice the operation of any thMrem-proy^^^^ program 
is "controlJLed" by the axioms of the formal system involved, ^he axiomp 
for SIRl should be stored in the model. , 

The SIR mode 1 cons is t s of ob J ect s apdj, as soc iatf d property- 1 is t s . 
The advantage of this model structure is that the t>to^rim' iiSi^^^ the 
model can obtain all the information about an object, such as how it is 
related to other objects. Simply % r6fet ring to the object itself. 
The SIRl axioms of Table d. all describe either properties of SIRl 
basic relations or interactions between' basic relations. These 
axioms should be stored, then, on the ptbperty- lists of' t^e" basic 
relations which thejr affect. In' this way'fchV thebrem-i>roVlng t>t6gr^ 
will be able to find relevant axioms %^lootcing at' the propitty-ti^ 
of the basic relations it is concerned' with, an^ tft'e human iisef 6r 
programmer will be able to modify the axiom set iy' "telling** the system 
to modify its morfel, without any reprograiymlhgtVlng necessary. Object- 
predicates define additional axioms \*iich apply' to' particular objebts. 
Therefore, they should be stored oh the property-lists of the objects 
involved. 
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In SIK, a telatioh between bbjbtti' Is ripteSe^^^ thte model by ~ 

attHitite^lliifetf "j!^ tfite |)tot>etty-liit% of "th^olfjecta. Bath" tWiitfbn: li6 " 
uniquely represented by particular attributes. Simple ttypiB*'a'*^ anid *!>*') 
intetatft itthfr^ between relations tatt not ' b«r ri#^re^feftted tit tfie ' inft^i i but 
r«fisit#t -hav6 t'6' be^ *^n(3Wtt" by' thi' 'ptbgram. ' 

As his bisfeti shown, riie class iot iSl& t*latio«s tbugihrty et>l:r*6p^en*S to 
the clafti Tbf t'elatibttS repiresented^ in *Slfti^ by llnlS^pinBttlcat fe«^i ' llircfi 
link^prei^icatfev 1^ turn, ii dfe fined ^ in terms of' a Slkir biiiic relatlbn^ 
Wif Wiiit' iHbw'^ectdfe' hbi/ to repites^ni: i^litional 'ittftfi*ytitrfi' in the^flll ' ' 

Ektih biisic rtl'atibn iotild 1*6 uniquely ffefjteWnt^d by partlciilifr 
attribute, tftyfeev^r,' titesk attf tbtftefiii iroul^ t^ Watfit£ittr"tbi ' " 
represfeht^'il:!: tke f attft WhiiA' 'iiUt!k Vepft^^i^litifb^r M' Stk. tbir exitiplfeV 
the senterrtre^ "llVety haiid i^ pStt of a |>feri9bn,"' dbul^W jfeprilsfentefd ' 
in SlRi:%y |Jbcatini;6V(lrt:y object J^^^ a meitaber'cft 

the set *'hana,*^ atiff^ i inking each of tlhem'tb sci^ nulsb^t' fiif the set 
"per#c>n'''i?ilth th^ attjrlbtitfeife tbrrfeiT^^^^mdlSlg to %K4'_^^ 
However,' it liS not fcleat ^ith han&s' khbulff tir jjaitTW' of whlth^personsi^ 
and thfe jgieneiral fa (t cbnce^ttiihgThatidS' yi<f'|iet80ns Wuld^ ^^^ 
for future dte^ifietibiis,"^.;^; , Whietf l^ iWdlMdual "petison" is intro- 

duced into the model. ^ 

Alternatively, one could represent each possible link-predicate by a 
different^ ittrtbutt!.; The difeWdyantages bf Wiiehria scheme would be 
twofold: ji:rkt, touch of the f liascibi lit y introduced^ by trhe definition 
and use bi Whk-|jt^dicfitfes VitfUtd'te iok^ since spetliil' synibo Is would 
hif^fe to be aiilgtied as Wttributefe ^fbif each link^preditate actually insrted^'' 
in a model; secondly, the Impbrtant structure of the link-predicate. 
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_i.e., the basic predicate and ^-qufntifjL^r? of which it is pon^p^sed,. 
would be undiscoverable exeept by means of gpijie tab},^ Ippk-up or ptjti^r^ ,^ 
decoding procedure. , 

I propose that, corresponding to the attrib^te-li^^s of SIR, §IRX ,. 
should use descriptions of the link-predipftes inyoi^ved . T^jp j^t^t^ilf)^tfi - 
on the property- list of an object JSlipuld itself >e a |)r0per.ltyTli,?t. 
This subproperty-li$t would contain spe^cifi^ ptt^i.t)utjps whose values 
were the basic relaf^ion involved and the strsfng, of,,. £-quantifiers , , 
which produce the li-nH-pxedicate frop tliat b^asic rel;fl|:ic^-. An addtt^pn^l 
item on the subproperty-list could identify the argument-position ofj^^f^ 
described object, thus eliminating the nej^ lo^j; mofe than one symbol^ 
(corresponding to the attribute- link jsymbpls of SJtR) for e^ch basic . _, 
relation. With this representation no spe^cifl s^ymbpl assjL^npent py, . 
other anticipatory action is necessary in.prd^?; ^^ r?^^ ?^^. ^\?M" 
predicates to the model. Any link-pyedicate ^recognized by the ippiit 
program and based on an available bf sic relation is jre^resentable. _ 

The names of object-predicates^,, should be anPt.he|: kjind pfattcibutf , 
which may appear on SIRl property- list^,,Th!? objfctf-predics^es should,: 
themselves by SIRl objects whose property- lists cpntajln their definir ,, 
tions as SIRl wff's. In this way pbject-predicates pay fftSi-Iy be, 
defined or applied to new objects. 

In summary, the basic objects in t,^e 5,]JELl mpdfBl are, the, wprdf i, 
which denote: individuals, classes, basic re liit ions, ^nd object- , , , 
predicates. A property- list is associated; with each basiC; object • 
Attributes in the descriptions of indivtd^ifls and classes, a.re eijther th^. 
names of object-predicates, or themselyepprpperty-Hsts which denser ibe 
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link-predicates. If lists describing link-predicatfels, the values 
eorresponding to thoise attributes giviS the other objects asBoclated with 
the described object through thfe described link-ptedicate. The property- 
lists of basic relations contain the axioms whlcih st>ecify propettl^s 
of the described relations. The propfetty- lists bfobject-predicates 
contain the definitions of the object-|>reaicates in terms of SlRl 
wff's. 

2) The Theorgm-prover ; In pa^ra#iNHp4^i45 above' t^'¥^ 
decision pirbceaure for testing the truth bf any STRl^etitence with 
respect to a given SIR! model. Unfortunately, that prbcedure is Itofrrac- 
tical since it requires the entiffieratibli of e^ery bisect tind every 111*' 
in the model, and the consideration bf every kiRJWfet laical truth in 
the course of each truth-test. CleailytKeseiilrbi^aiit^ in- 

volve an inordinate amount of time. Atfeo, t hWvi gbwy to great lengths 
to develop a model structure which enables tlie' syjlfcefo tb save ttnte by 
having itifbrtnation organized and accegslbte fti a convfetilent: way; the 
above-mentioned decision procedure cdmplet6ly i8«orek die Structure of 

the model. 

Instead of an impractical dec is ibn procedure, I jprBt>bse tliat SIR! 
use a heuristic Theorem-Proving program ('IIP*') for it^ triith^terting. 
TW will start its truth- testing wltli the l»ost ttelevirftaxfomy' and 
model linkages, introducing additional fattts omiy \Atferi iteeided. The 
model structure will dictate what cafflBtltiites '*ttfbst relfeVsfnt;" as will 

b^ explained below. 

The best exattnple of a heuristic thebreja- proving program itt Newell 
an<t^itibn*s "Logic jrtieoriSt*' (IT) (27) , a prog^M ^Idir proves theorems 



in the propos it ional calculus. Since XP,vi,ll. t)e modeled some^diat after 

I.T, let us consider the general, behavior of LT. X.X must be jKiven a list 

of true theorajis or axioots, ai»4 a st^eajfjitCt^e. "problem'') jrfiqse proof 

is desired. The syste^n tries to prove the .test-statement bj^ showing , 

that it, or scmf! statement, from, which it can easily, be dediicedj, is a 

substitution instance of a tr«e stat^nent.., The true, atatfpent muat, be 

either a theorem or a statement whose proof is easily obtained from the 

list of theorems. LT has several methods — the principal ones called 

chaini,n8, d^|:,^c^ent, and rggljgg^nt --,.for pire^jj^ S^tCT>eiM:s from 

which the problem statement can be ^educ^dj. and, fpr, select; ing "relevant" 

J:heprems from the theorem list. LT also cpjitalnAi special devices, for 

keeping f rack of aul?ri>rpbl«iis and keepJ^g out pf",^qp8.' 

LT was desij^ed l^ygply as a mod^l pf t^ behay|Lpr^^^Q^ naive students 

of logic, and is i;eafilpn«Lble supcfessful. as puch.^ ,,Xt. has not been a 

very effective th^prem^prover, partly becaiise its methods and selec- 

tion heuristics ar^ rjpt powerful enpu^, and partly because the. problem 

domain — the prpppsltionail .c^IcuIh^,— . has a sj^jLe decision procedure 

(46) which makep, any a^ernative.appro.»|:?l\ seep yeLak. TE muat deal with 

a more complicated problem domain than that of LT. It is concerned 

witli ja dpmain containing a ppsftibly l^^ge, al^piu^finit^^^ ntmjjer of 

oblepts, jrelations,, and axl<^s. AljSP* th? pble<;|^:an4, re^^ 

well as the axioms may I>e cMpge^i fftw P^bWi^ t^jPF^^ 

the actual proofs pf Siai sentences bpr.TJpM^*,,?^^ t|}e aver«tge,. be ^ , 

shortej: and js implex than typical, JJpr^Qf p. Aft^r .i^ll, T? parallel^ , 

the human mechanisms for recalling facts in meoory and dplng s.ppe simple 

reasoning* not fc*; splving forpwl ma*h«m«jticai pJ?pW.«!l*fr. Itevelpp>a*ent 
pf elaborate Ipgical ability in a conputar muflit j^cpe after the Jichi^ye- 
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merit of our present goal: a mechanism for simple, human-like communica- 
tion. Deductive methods similar to those of LT should be adequate for 
TP, provided we can provide a mechanism for selecting the "most rele- 
vant" true facts from which to start each deduction; and of course the 
central information organizational device of SIR and SIRl -- the model 
is just such a mechanism. 

Therefore, I propose that TP contain the same deductive methods as 
LT, and in general be patterned after LT , with the following important 
exceptions : 

a. In trying to apply its methods, LT always scans the complete list 
of true theorems. TP should initially attempt a proof with a small list 
of "most relevant" truths extracted from the model. If the proof 
methods fail, the list of truths should be gradually expanded until the 
"relevant" portion of the model is exhausted; or, more commonly, until 
the specified time or effort limits have been reached. One method of 
generating "relevant" truths for the proof of a SIRl sentence S is the 
following: 

i) Let B= the set of all basic relations which appear in S- Let F= 
the set of all object-names in the model which appear in S as arguments 
of members of B. 

ii) Construct a truth list consisting of three parts: those axioms 
which appear on the description lists of the basic relations in B, 
those link-predicates which involve relations in B and which are described 
by attributes of objects in F, and those axioms obtained from object- 
predicates which appear on the property lists of objects in F. 

If a proof cannot be found, the initial truth list can be expanded 

by enlarging B or F in any of the following ways, and then repeating 

step ii) : 

iii) Add the "fe." relation to B. This relation is important for deductions 
which involve transforming or removing £-quantif iers . 
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iv) Add to B any new basic relations which appear in the current truth 
list. Whenever basic relations interact, an axiom on the property- list 
of one will name the other, thereby introducing it into the system. Also, 
axioms from object-predicates may introduce new basic relations. 

v) Add to F all object-names which appear in values of those attri- 
butes of objects already named in F, which involve relations already 
named in B. 

Each iteration of step iv) or v) and step ii) will add facts to the 
truth ].ist which are more indirectly related to the test sentence than 
any facts previously available. When no new facts can be added in this 
way, the truth list will contain all the information in the model which 
may be relevant for the desired proof. However, I expect that in most 
cases true sentences will be provable from a truth list obtained in 
very few iterations. 

b. SIRl is concerned with the truth of relational statements with 
respect to the model , whereas LT is concerned with the universal truth 
of logical propositions. The ultimate test of the truth of a sentence 
in LT is whether or not the sentence is a substitution instance of a 
known sentence. The corresponding ultimate test of the truth of most 
SIRl sentences is whether or not certain links exist in the model. 
Every SIRl sentence is a propositional function of link-predicates. 
A link-predicate is true of the model if it exists as an explicit link 
in the model, or if it can be deduced from axioms or higher-order link- 
predicates explicit in the model. Therefore, for the ultimate test of 
the truth of a link-predicate, TP must contain subprograms for eliminating 
C -quantifiers. For example, (Va6x)[P[a]] is true of the model if 
P[ ji ] is true of the model, for every object )i such that (j,gx is true 
of the model. Thus, the ^.-quantif ier structure of SIRl sentences serves 
as an important guide for the theorem-proving program. 
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c. The problem of implementing the "Exception Principle," dis- 
cussed in Section A.3.C above for SIR, is still with us in SIRl. This 
means that the use of different sets of "truths" extracted from the 
model may lead to different answers to the same question. The solution 
to this problem is simply to be very careful in building and expanding 
the list of "truths" used by TP. I believe the iteration described in 
a. above is adequate, since it introduces the most closely related 
facts first. However, some experimentation in this area, once a 
working TP system is developed, will certainly be of interest. 

In summary, an English question should be answered "yes" by the 

generalized semantic information retrieval system if and only if TP 

can prove the truth, with respect to the model, of the SIRl sentence 

which corresponds to the question. TP attempts to prove the truth of 

sentences by going through the following steps: 

i) Test whether the sentence is immediately implied by direct links 
in the model. 

ii) Create a list of the axioms and link-predicates in the model which 
are most closely related to the sentence. Attempt to deduce the truth 
of the sentence from this list of truths, using both logical transfor- 
mation methods such as those of LT, and model-dependent methods such 
as elimination of £.-quant if iers . 

iii) After a reasonable amount of effort, add to the list of truths 
the axioms and link-predicates which are next-most-closely related to 
the sentence. 

Repeat steps ii) and iii) until proof is completed or abandoned. 

Note that TP operates in the finite domain of the prepositional 
calculus. No provision has been make for true quant if icational deduc- 
tions, such as proving in general 
Gy)(\/x)P[x;y] ^ (Vx)(3y)P[x;y] 
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Therefore TP could notr foJ^ «x«»ple, per|(3ij^ the deriva of 
Appendt^.II which relate SIR and SIRl ♦, The problem, TP does attack 
is that of selectliig relevant Ia£oin9a|i9n,£3?oi|i a l^rj^e (i^lthQugb 
finite) store in order to construct. prgpff efficiently. ; Of cpurse, 
a ^iwilar progrsmi fpr qufntific^tipn^l. 4«<l)LictiQn would be a w^lcooe 
addition to TP« 

3) Coap ley qijes t jpn- sm^yer ing ; . Som of . the guest ions which SIR 
can answer regj^^^re the. systea? , tq _ per f^rm jspre elaborate , inf o^at ipn 
retrieval tasks than simply testing the truth of an assertion. The 
answers to qi;ie«tjU?n» like, "How, many f4^n^rs idoes, Jobn have?" and 
"Where is tbe book?" must be c<Haputf4 **? ^r^f'^'r^ing ep^i.jwniipjulating; 
the 4*ta stoared ia t^e model in order to c y fa j|<^, ^ppyof r iate responses . 

Let us define a "question, 1 3^" ** * cliwSjOf qi^efitlp^f S^ipse 

answers are found by foll^owing, t^f; Bflpie cq^Jft^t^~fonal,;Prpcedure. . 

QiiUMtlons of the »-fme type generally ^^iffer frop efchot^^.r by referring 

to different objects in the model; those object-names are inputs to the 

cqaqputational procedure. In the preyioy^ s^ctlptw?, ye have cpn5jj(i6rjB!|J, the 

specialtiyf* of all ":y«?-Qr'rno"^^ue8|:jL(^ SJIL, thj.8 ^ia?s pi 

questions was considered to be made up of many di'ffierent question 

types ^ one for each SIR relation: t . and. ftherf^ W9 * co^^espondi.ng 

multiplicity of computational procedures. In SIRl, the computational 

procedure for all "yes-or-no" questions is simply TP. However, tP 

requires as an input not just the names of objects, but rather the 

complete SIRl sentence which corresponds to the question. 

Unfortunately, no other SIR question types dan Tbe combined easily 

for a more general system. Each questibti type requires a different 
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procedure fdr eearchin^ thrc50£gh Che netwbi!^ of llilks, identifying 
useful thfdrmatidn When it is fdtiifel, anrf rtaWlpttlatring ttre ihftnnnatidn 
to pro^iicfe the attSWer. Computer 0<i^maii!a^ 'titnidaees are well 
suited tor Specifying doiflpiktaeidrfal irroeeaotes, arid for redSoos described 
in Section III.A, the LISP language was quite convenient for Sptrclfying 
the complex que^ion-anS<*e*ing pir5tfe<itfi»<te of StJl.^ * one 

attempts to enl^tge ^nd general isse SIR ft UecoBies obvious thst these 
pfogi-OTiS Should be mi/de easier to ^M-ite arid easier to undetStatid 
wh^r^eir possible, the full genera Utty bf tiiSTP twit be kept available, 
Since new ^uestiofttjiijes may requite, tn th6 i«S^ii*tng prdeess, unanti- 
dlpated kinds of data tfanif>ulatlott; Biit the le^ldes des'ciribed below 
may be used to simplify the cotisttiietlon of quest ion-anffWetihgprogr^ams. 

' in'lligi, t!he flow of cbntifdl wtthiii a pr6graft'ls ndftnally detet- 
mined fey special functions called •'pi?edidat^s!."tte tlSf Bysteni 
evaluates ^^dh ptedidate adddrdiftg to built-in or separately provided 
evaluation ptdcedures, arid chodS^s the rieitt dperatioiitd performed 
accorditii to whether the value of the predicate Is! **T" or "KlL" 
(corresponding to "true" or "false"), the SlRl ptddeaure- Specification 
language ihOuld be similar to LISP, but Should alio allow the else of 
'an addltidrial class of predicates; ftamely, Stafc^t^tits whose LIS)^ ' 
values 'ire"t*' if a particular SlRl sdfttenCe Is ttae with respect 
to the mddei, arid "NIL" otherwise, the ptoceddfre for evaluating 
these add it ibnal predicates wOuid be* Just the prddedate Ordinarily 
used by SIR fbt dfetermiriing the troth of SlM setitetteelB i riameiy Wi 
Thus the full power of the SIR "yes-dr-hd" type df 4uestidri"iansw«rittg 
procedure could automatically be used within the prbcedute fot 
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answering a more ccwnplex type of queattfiR^ ,.Sugp98«, ,tt^^^^^ tlj|i 5,P^r,|e 

of the procedure for answering the ftuegt^Qn^ .''Wb|^^^^ i? thf ,f^M*^^y®.= ,, 
position of X?" it is d^tepainied th^t j^48,|o the ,,|^||^t . p^f at .aifid ^alsg 
that a, £ is to the right of x. The prp<;|du,f^ Co^|^d theil| .cpjitain^^ t^^ 
.statement* ..,,, _,.| , ,„ frr -,--:.,..' 

j^ Qfl{es5)Ixi^bta;^K] /s^r igh^b[yiq] | , - tl^f^y .. ,8^, A else .^o .,1 , ^ ^ 
where A and B are locations of fPBropir^te.jfurtl»?r ^stpctiona ,in ^ ^ 
the procedure. The procedure writer ne^d^pt ctj^^^jid^r ..t^ovir to ^an^^e^: 
the question, "Is as. betfween x,ai?d jr?" for TP will dp,;t;hft^fQr^^^^^^ 

As a special. ^ppLication of this met;hod^f<;)|r^o9edure-witing^^l^ 
us consider how to pbtfain "no" .or "sptjietiB^e^" tn|w|r8,tojiue^tjLpi|8 o^ 
the "yesror-nq" type. The existence pjEeepsratf ^^gp^gra®8 fpr e^^h . „ 
relati,on in gin permitted the qpnsWerfftipn of sijctal^^proi^irjie? of the 
relation in determining %n jp^^ojjjjiate ^ ^eply..^ I'* f!**'^ r H^^^Kf ^^§^ - ; ,- 
system, Tf can reply "yes" if the SIRli sentence^, cp?:KefP<?B^i^8,fi9. ^^^ 
question is, provable; otherwise the rfply must bf "tiwu^ffic^eiat; 
information." Although a "no" answer cani^oj; l>«» obt:«^^ by |P ^ 

directly, we c^n bi»ild into TP the pbility to, maH« a 5eg«|tiye repl^ 
if it determines that the sentence rys is p:^pvabl^; ^n% no .general 
change tp TP can fpcpu^t for special pi:pp^i^!tlje8j)f^dividualje^at ions. 
However, this flexpLbility of SIR is r«}C9yered .in,,the^^e}ij^j:a|ized _ 
system, withput relinquishing any of th)^ uiai|ormi|y ||pd g?jigrallt;y 
of the SIRJ- formalism. and the T? prog?pB> by.thef.ufg pf^.^^^e^pro-^ 
cedures written 4n,t):?eLI|?rplu8-!TP 8pjBcif|/?atipp;,}.fpgi^if«e, Fpr r ,, . 
exaij^lef the prppedure fpr answering, th# quest ipn,, "Is ,a^ x. a ;j^" , 
might be^as follows: 



-4-j.^«»»,.,»~ -»■ -f. -« »-~"<i|S>i«»s">*: ►' - 
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j^ (Va€x)[a€y} then YES; 
else^ If (Vafex)['v,a6y] then NO; 
else if (Va6y)[Q!€x] then SOMETIKES; 
else (INSBJ'FICIENT INFOBMATION) 

There remains the problem of ifflplementing the specification language 
on a computer. When TP is available* it will be a sitaple matter to 
design an interpreter which would toute control between TP and the LISP 
interpreter. Whether a compiler for these procedures is feasible 
depends on many factors, including the precise form of the TP system. 
The point here is that implementation of this procedure- specification 
language, a key part of the generalized semantic question- answerer, 
is fjstiibl^ at tl»e pr6^eriti st*tef 6| tlArpt-di^ii^^ 

In summary, a simple formalism has been presented which adds to 
LISP t«te'^tt^ttt^tlrsti*^'pCT**feT-d£-'TP r'l 

language, together with the SIRl fornsalismi a corresponding word- 
as sOciatioA«toa*l Sttuttttte, and tlt^fFttutli'^^^ 

tute the baili €0*^ a ♦^eftiera^lizM" *etari3tiii^:it^c«ft«^^ syit^ft. 

On the basis of information gleaned from the development of Sit, I have 
been afcle to e^thitib^ this «We«fer»lii&e»»' it*tem %«Aar^a« all tM 
que8tfe>Ri=aA«we*in8^ ability of Siai aM Mw^fe^^t* a thuBi ittj^^laSi^^Sr ; ^ 
questions. More importahtly, new relations can be added to the 
"geweraliifcia'* «yst*to a^d the- axioiis of it^ pie^t^voi^tite eati be 
modified withottt'sfty t'ep^tSgriiimBlttt, *lMi i^tteiBtloi^^ :; 

can be introduced and modified much more easily than they can be in SIE. 
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Chapter VII: Conclusions 

,ZJY :rMij ' , -fir: •■ ',jV; 



A. Results. 

1) Question-answering effectiveness ; Chapter I described How" 
quest ion- answering behavior is a measure of a conq>uter system's abil- 
ity to "understand." SIR represents "meanings" in the form of a word- 
association, property-list model. As a result SIR is more general, more 
powerful, and, judging from its conversational ability, more "intelli- 
gent" than any other existing question-answering systeioai. With respect 
to the fundamental problems of the other systems discussed in Chapter II: 



i,» ! ; ,j <-- ,1. 



a) SIR is not limited to a rigid prepared data structure and corres- 
ponding; programs with 8p«ci^J..c,gbyfi;t-4n^,a^.h££^.^^ 9^l'¥>§^-p r 
ings" as is the "Baseball" program. Rather, it constructs its data 
structure as information is presented to it , and interprets "meanings" 
from "learned" word associations. 

b) SIR is not restricted to the sentence-by-sentence .matehitig of 
Phillips,^ ; ••^^t4^Aj;ifwexi^Rp>i|fneyy.,]^t*^ ,j;, ,j 
vides access to relevant stored facts in a direct,"^ natural way. 

c) SIR, unlike SNYtHEX, does not require grairanatical analyses which^ " 
beeomf.roore df ta^^Ied «i# ifJPrf .Cpn^f ic^tej^jUS, .^^f^flfrnj fgjif^rii. fSoars 
stead, question-answering is based on semantic relationships, and the 

system in the manner described in Chapter VI. 

d) The is IR model is not tailored for a single concept like the family ' 
relatioMbips oi SASr^AH. HowEvej^., thf , f^^j«r|;y/f ^f#if.$jj^fc^re,p|g tJwJac' 
model can easily be used to represent various special-purpose models and 

thus take, 64v§»t^P Qt Zh^ijc bMm^i^j i*41«i:jP^rpit#^r^jp^r#i^S'r««!B Pl, o 
any relational information. 

e) The SIR system is not restricted to testing the universal truth of 

a complete state^«^^,;,|•eg*r41ess of tb^ wj^^n^^gsbi?! 4tff Ci9nip!i^fnt#,...af^,- 
is Darlington's program. Rather, SIR procedures can be devised to ans- 
wer any form of question, a^ theKj^swf^ffc,.^y^ , ,^^ ^ S^^lfi fj^ryepft bo 
"knowledge" as determined by word associations in the model. 
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f ) Al though conceptually s Iriri. lat rb' S&B»ei%*it iword telitlon Byttesn , 
SIR represents a vajst In^rov.ement In that its lis|:- structure nod^l 
pemiti^'a 'iiifcecr rejpr^BfeiitatlM'''ift»r'ai^lSftit^ tB.iB:lM# f ti*' 

system contain? prpgran^s for handling several dlfferfnt relations «nd 
thplr 'tkt&mtion$r ^^'lidlJti Input fowsM ^ttd pbgi^tyiic a%^ ettily 
be modified... ..•...,■,-..• . -v, :■ vi- 



J.) ComnHjinication languaf^e ; SIR provides a, frame^^ 
abl,y natural comraunication between people and cfw^uters. Althoiijgh ,^ 
someiidiat stilted, both thf input and the res|ipi|^8e lap^ua^es used by 
SIR are sufficiently flose tp natiwral En|li8h t:p be eaaUy, undeirstood 
by an untrained human. The input format recognition |)rpcess \ised in 
SIR (Section IV, B) illustrates how far one may go toward "undprstand- 
tng" nat^^al language, in the senjse of recp||niztpg word associations, 
without reference to gr.^atical structure. Of coursje.^suc^^^ 
cannof be generalized to coyer any large |«jpti^ of j^ natural language. 
It was used here simply as a device to get past the ini)ut ph.a^se and into 
the problems of representation and retrieval. However, this format 
matching pr opes s can easily be expanded to handle any 8"^,^^*^^^^^^^^^ , 
small portion of English. 

Even in its present primitive state the process is not excessiyely 
restrictive to the untrained user. With the present system, the user 
could be instructed to present in complete English sentences 8inq)le 
facts and questions, and not to use any sentenceswith subordinate 
clauses, adjectives, conjunctions, or commas. These sentences may ^ . ^ 
about class relations, part-v*iole relations (possibly inyolyingTtumbera), 
possessions, and left-to-right ordering relations. When used in a 
time-sharing environment (11) in which each sentence receives an iraraedi- 
ate response, the system would have the effect of a "teaching machine" 



vj:^>-*cv*^' a. 
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in traipii;^ |ts U8,e?: to r&stxlft^ hi^fe^i fp: iTf pj>gnif||^]>^e, ?^enp,^ I , , , , 

forms . AJEter i^^^fey?, tciaL ^^na| 1:|i|^,j»j:pgrffii^ "ffix^^'^^^tj, ^^W^-^^ i.i^c^iQ 

success for the next user. If this training process is too slow, the 
new user could study sample conversations from previous tests, or re- 
fer to an outline of available formkts," be fo¥w%o^ 

to SIR. These processes are much simpler than learning a "prrogranmahg" 
language. A sorted iist of fbrraat's ari^ Wre^'sopKkstTcated sim'iliartty "^ 
tests in the matching procedure \fculd'~alr<H» tlie a<i<jl'ti'o^^ 
formats to the systein with rto correspohdihg'iWfease in time re^^^ 
for recoghitf on. '■''"'" ' "'"' "''" -'■'-"■-■■'-''■ ^' ■ • - -^ -.---/ /:..i.. 

At tihe output end, the system deigns t'riates'' tkat ^'thtel'llgent^'^ re- 
sponses are frequeritly possible without: W elalwrafcc' geheratlve graamnar,' ' 
as long as one can anticipate tlite claMes of respbirdieV and^^^^^^^ e'acti" ' 
class in a suitable format . 

3) The model ; An impbrtanV feature of SlJR lis the flex^^ 
the property-list structure of the model. Indeperiiie'ntf* or related' fkcts' 
can automat ically be added to or extracte<f from the' "sVat^fe^ the same 

data may be expressed in more than one \«iy. 

Several existing computer systetns, £.£. airline reservation sys- 
tems, permit dynamic fact storage and re"trieva"!l. Howeiver, they depend' 
upon the use of fixed, unique representations foif^ the infotination in- ' 
volved. In SIR, there can tfe many representatidriiB' t^ich are" e 
effective in providing correct ah8wir8.1|.£.ftW system **kndW8'*^^^^^t^^^ 
the statement, "A finger is part of 'ilbW' fs tru'e if (a) there is an 



', ■ ;f_ 
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explicit >art-whole link frota Flai^» fco^^Oltiij oif tf th) til&rt'Bi ' ' 
links by'mteMs of ^Ich the ret*t«ini i>#6i#iai'=cMn< Sgaadfe' «ia€-i f iM* 
iipairt: of a person and John is a pelB^t 6* l£^t;)'tfi«t^ itfe liiiks b^- 
means of which the retrieval pr^^grtes iiiiA dfe^dcr^tHiif ^i liiigerls F»art 

of a hand, aftd a hand Is part of-Jdhfii'M- ''***'*^**^^°*'''^'^^^ ®y^*^** 
(san autbniatically translate froin one'tellWSetteiefoi'^to^imeither H^'(^frig ' 
some ad^^tagis. |v^. , the'«itf«toitite«»'^opiiific«iMfedetibed iti Sectto^' 
V.B, reduces storag* space ^req<iir«ikeiie« 8y f«lfl6VtAi~r*daiidancy in the 
representation, without mking «mychiS|^8^in"tiht*i^^ 

The property- list ibdel turns dof'to hive ad?ift«ti§ifi evfeflirfien an- 
other form of -model seems niorenatttifairVcif e^tt^rlV-iel!^4t6-rt#e" ' 
spacial relatioflS 'seem most easily reiJf68int:ld 6y 'a $i;ii^ag'6i*d^^ 
i.e,, "^c is to the left of ;2:' co^d l>e^ail:^d%^I«taaHg V'^i*^ (if''-*'' 
2_ in a left-to-right list. However, incoo^lete information catt catise ' ' 
trouble for su<a^« model. If it i^'k*W^ thff ♦'x'Ss €o the'fief't 8i^, 

y" and »»i is to "the ieft''6{'fy^''i^'''^iM»r'<ii^fiM^^»i»^^ ^''^'^^'' " 
uniquely model the t?el,ative-pdsitiofta of irbiPaad^^^'the i^topf^rtyi-'^'- 
list system; on tfte other hand; t'epreliltft exlt^tfy^tfie^r^iatit^s'^ 
are known; and tWe liwear ©rderitii 6f ^^ oM^kcU^'Biii ti^ ^||dWcej|"f tctt 
the property^liat-tiiodel, as i^ done i^ fft'by 'tl!i^e'*'*l?o^ite«* maitimf U 
the'dat;ii^ts''s^iffi«;i6ntly cOmpiete.'"' - '-^■''-^' " a,nw;.;. ... 



41 Present ^ate * The process irtg efisier^per statenitfftt for ^e^IR ^• 
system with a standard LISP configuration "an'«« i»l^faf# -cofiptttet 4lfth "' 
32K words of memory was about one second- All the exan?>les prepared 
for Figure 1 and Figure 5 of this paper, including loading and con^iling 



ji 



1% 

all prog:i;«ins , ^tqpk «>l?o»*t 6 mio^fres qf^j^^ffj^^itej^ Ui»^t T^gnSIB-.iJfst^ni, , 
withjf^U the, j^lat^iQijs , .groqe^g9^j:i^,,pifpg5fff j,^ , 

scribed in thif p«ger, utilizes a]i^9#t, the^fu^ jcagfpiljyspl.jtbe igompi*.J;ejC» 
I^ Bjust^be refeii»)>fstre(J filii^t the §3;|-,«}?«|efj.i^f^9<)i(f ^^iiignfifl^^t^fSp;!,!/©^ 
any pacticula,^ pr#cti<?§)[, qu^stiqa^anf^W^^iflf pafgjjlff . r - Jt? eonsistiif^p^ a . 
collecjtton Qf r(elation^,\jto^^,v^r|,4nt;^Qdi^^4v4ii^«^fCfl^f 
Ii;;,,^, in ordeE to 4i^ye8^i§|l;e gh© ,)^rjl,g^f s|e^^ pof i|,|>ijjifci,gs , 

of the mode], »Ttie«^re?,«ti,ff«a» 49 59*: >if9f§gf?il>Jlslf*? .;i^Xt9t^«?>jM«" a.v 
ful or logical relj|ti9ij8^ip8^..to,,e<if^.'Qthgr. a,;;- ;,.£,,, , ^.o: :. c-^-..;;. v.- ,j-^ 

succesa^i^^ tn-}tl^e »en(?,«f^^ft; ^g;,has |df5qf§t|^^^dj^gi^.u^^gvklneS8,,jQg tl»^.r . 

word »?89c«itio^^Ef9ReirtX^lUt^^94^|^.ja^dj|| ,hw„|u^^ 

general a^^fit^m d|||9j^^1?ejd,,inKQ^a^|;^ JI,,\^J,(^,^^^^^t^^ 9f ^•'►e _ ,, : 

samenodel... , ;. .. , ^. ,.,,,- .,,.., f .,4,_'., ,,.^,i, 

T^e. acc^e ,9jf the , pr^»en^ (^yf^t^^iji iti^it^ft^if that - J)t yo y^l^ . be ,4®^^ \^\h j 
to use thf! S^R t^odel,ai^d;I^j:,«^s^nt;pg^^ 1,^ ja,j»rfctieal 

infonwLt^icw,^r^ti:|^val 8jr|^t;em fo^ ^f^ p^|ZO|Q.^^;^i^oiia>uti^i;, R|;pi)^ded , 

actioi^a ,a|re^Qle\^rlo|| vi^defatood., ,0^^5^o||it4tfl^.,flg»i»14j^t|i^ji»-« re?,, . , 

trieva|,,ay8,teB whi(:h,,;»»« ^e^.pf9|K)^d^(^;.t|^ I^^r«^g>P5ffe^Q^3jE<^.J^- d; 
formation about documents in Soviet cybe5C^«^tf|5^^(?i*^j,|».5ljfJ5g8Xftf»,,|h|,| , 
users will be interested in indirect relationships and implications, as 
well/[ts^)tFl»e-j^^l|oi;a^e,,^d;.ret?^i%l^l5 ^ j^^c4£^c,,^t«|^^e^^5^^tl^ars 
and ;SUbj^(;it;8^^o|.;t^^i(Blkl Pfp^lgSf^^v ij^,.,:,.n .,..•, qaij :.r:.s:-.^., :i -i >.■■,. ./-^ .d^., 
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5) Qttestlon-attfwerittg detiriLlsi ifte f til IbMiag points V although ob" 
vibtifi In hi*i^ight, dltf not WcoFjifi ii|ipa^**tt' ttWill the^ 
fftltly-Wfell-- d«'«^l©ped? .■--..►:-■- ■■ - ■zi^.. 

a) A ^tt6Btlon-an«'wering •ystem eawhttt give definite negitive replies 
without special information about the cosspleteness and consistency of 
its dA«a. The fact that fllL dowS *«t^li*ir«^ sttfi* infiaiiifctiW^ attbiait ' 
for frequent occurrences of the "INSUFflCIENT ENIOiEHATION" response in 
places \kiere a clearcut "NO" would be preferred. *» b ' . 

b) If k Atands in relation R to ;ji thifc aMdne'^««y linkj e.j|. , ft&i x 
to ^ through attribute |1 on the property list of x» may be sufficient 

f ©r noi t qae*tlo«- aaswfe rtftg appi Uit iMM ^ '' idwi^tv* tt Ihe''^ eoatie ' of » ' ' ■ '' 
expanding the system the reverse link, fran ^ to ^ through attribute 
J^ on th<4-jt^ibirop*irty-ll*t-,-iftiiy bi «8)(ih*^»&t«^idofe^ni4ifti'i''fo"«llow"f6r'^ 
any eventuality in a general system both links should be provided from 

the stitt^ f^»oMi»*y Hnki alAt^ p*i^tid*fr tik aee^^ 
perlment with various tree*8earching procedures. 

c) It is frequently possible for search procedures, even wiien unsuccess- 
ful, to provide »xtre*ely tiseful itifofiitidft'td' tfti'«ieif br'prbgttl^Bii^ 
by specifying v^y they were unsuccessful. This point is discussed fur- 
ther ■lli-'Sel!fcion-'I?.C. -'.-..,.>■-? -m ■-.; ^. .:n.,jrs -.;:..■.,« :'^.. .:./;.: . -3n;K,.-:. 



B. Extensions of SIJR. 

1) Addinj; relattona ; Two tnajoi? obstaeli^s, in addltlbn fco bbi^utfer 
memory si 2e, stand in the t«ay of extending j4 911l-llk<*sy*ti^i4 by adding 
new relation^ and their associated prograiAst (a) the pifdbtem of inter- 
action between a new relation and those^aireedy Iri thfei Systemi tequir- 
tng Kkodifidations throughout the systew far feirti4i*in<»i^ additions; and 
(b> the problem of the time required tid sea^h thtdiigh* itWiS of 'wdi?d8 
linked by relatiOfiS. This time ap^areAtly tettst gto^ iskp&netttially iss 
the niUttber of relations increases. 

Tfee problem of interactions c*ttt best be overcome by tep lacing SIR 
with a general t zed system. As disdusSedfttChapteif VI, this change 
would greatly reduce the interaction problem and simplify the introduction 
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Qlr'^PW;^® lotions. In addXtiwi, tJ^e pyo^fp* w^l4,|^?job<ibly; t«^ s 
cantly jWwUeT ,ia tb« gep«^«l|,*e^#yftu?«,:; ,»o|;;^r4y>wp*^W 
no" type question-answering programs be replaced byi,|^,#jU9glje, J'tiheoFeag- 
proving?' progrw 4n f ddition, theJfXQC^d^a§^Mpe(f^tis,J^ti9^^^ of , 

the g«Beralize4 «y#t«B^, would result JMa inoine ji^oifipa^t) »«, 5*el,i as h^wi^ ^ 
readable, programs. 

Thf othier obf l^ficle to tlje- expansion 9f a se^wntlc infio,riMitioni re- 
trieval system is ^^le sfin^ c^stapi/? ■ ^ffc^cl^, ;pgcujrF/4#:3 Pf ««?««• Is>r ; Jt;fe#or«m 
proving^ game playing, an4 6tb^er area* of ajpj;ici|icai!^^ -<-. 

the-, probl^spi of s^arch^n^,^ through au ^i^s9f^'^i^Hyn$Tov^^ 
possible solutions. Here there is no basic transformation that can be 
ma^f to avoid the ij^tjjema^icj^ fjiplf f^at rit;^ inters ' ' 

connections between elements is an exponential functicH^-of Jthe number ! 
of elements involved. This means that in SIR, the time required to 
search for certain relational links increases very fapidly with both thp 
number of individual elements vdiich can be linked and the number of 
different relations v*ich can dp rt;h4;;lt);»kin$. However, many of the 
heui^istics for reduQing search effort ii^ichUavepbejBB suggested in 
other areas C9j»f:ernsd, with tree-stsufit^red dsta ca^=,be apglied here. 

In the first pjace» rels^ipns geem to be dl,vi4e4 into independ- , 
ent (nonriRtsracti^g) grpups ;:£,£. , spatial reUtians are quiM indf- r 
pendent of tefliJ9?a]t relations, The gesrph spiffi^ ,af Ifcted by a ,^e^f(r(rer - , 
latipn is really iust the jipi^ce of iat^eracting reUtionsi which .aavba 
a very small subset of the total space^fpi;e^|;l.o9«^Mlhe,axl0Di»a:«j? the 
generalized system can be used to ideiQt;i^y the groups pfinCersctliiig re- 
lation's, Secondly, the, exi,atence of two-way lisil^f peJ^itf the. «eafc% 
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for a path between two p<oints in the xfatsa 8%ruct«r«' to proceed ftacsn 
either end (whichever is likely to produce a more efficient search) , 
or possibly from both ends simultanebusly toward an unknown common 
point. Finally, semantic information in the model might be useful in 
suggesting intermediate points to use as "stepping stones" in a larger 
tree search, thus greatly reducing the search effort. I believe that 
the use of these and similar heuristic devices, along with expected in- 
creases in computer speed and memory size and the introduction of parallel 
processing cpn^uter hardware, will make a large-scale semantic informa- 
tion retrieval system practical, 

2) Ad^ecttves an4 n-frv relations ; All the relations in the pres- 
ent system are binary relations. The model can be extended to handle 
arbitrary n-ary relations as follows: 

a. Unary operators could be sis^ly flags on the property lists 

of the objects to vtiich they apply. Or, if for purposes of uniformity 

we forbid the use of flags, then they could be attributes vAiose values 

are always a dummy symbol vAiich indicates that the attribute is to be 

interpreted as a unary operator. In handling adjectives, the following 

decision would have to be made: should an adjective be modeled by an 

unary operator, or should it be the value of some attribute? For example, 

"little red schoolhouse" could be represented in the model in any of the 

following ways: 

i) An object \diich is an element of the set "SCHOOLHOUSE," and which 
has on its pi^H>ert:y list the flags '• 'LlSmM" mi "W!M>*^' ' 

ii> T^e same c^ject , trftich has &a tta property iJi»t-Che^ at^trlbute 
"MODIFIERS" with associated value "(LITTLE, BED)." 
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tit) Shecaama otej<ect>» lAicb^ftfion It* iforc^jerty list fehe attirtbute- 
value pairs '|(SIZE, LITTLE)" and "(COLOR, RED)." 



:3iA-.i, 



The second representation is equivalent to the first but avoids the 
need for unary operators. The third representation contains the most 
information and is most consistent with the present form of the SIR 
model, but has the disadvantage that it requires the use of a dictionary 
to establish appropriate classifications of adjectives. The "best" 
representation to use would have to be determined by experimentation 
and would depend upon the organization of the information retrieval 
programs which use the model. 

b. Trinary (e.£. , those involving transitive verbs) and higher 
order relations could be represented in various ways analogous to the 
treatment of binary relations. E.£. , the n-ary relation R can be 
factored into n relations Rl, R2, .... gn, such that 

^1' S' ■■•' \^^^ ^^ ^^^ °"^y ^^ 

<X2,.-., Xn)?° Rl[x^]y>^^^, x^,..., x^- R2[x2Ja 
.../\^<x^, X2, .... x^_i^)>= Rn[xJ, 
where the value of the attribute Rj^ on the property list of x^ would be 

the ordered sequence ^x^^ , ..., x , x^^ x^"^. More specifically, 

the trinary relation established by the statement, "John gave a book to 
Jim" could be factored into the three relations "GIVER," "GIVEN," and 
"GETTER." The propety list of "JOHN" would have the pair "(GIVER, 
(BOOK, JIM))," the property list describing "BOOK" would contain 
"GIVEN, (JOHN, JIM))," and "(GETTER, (JOHN, BOOK))" would be placed on 
"JIM's" property liitr Qiwe ftgirtni th^^ifasacttcaiiity aiuL<«ffio4ency af = 
suchKft >rej^j:eaentafel^n csan o«ly he disoovetne^ by dewelp^iag^d: experi- 
menting with working computer programs. 



•T,-osli-««B««*V-~ - "-«. ir<3 ^m " i^ ■ 



135 

3) Next dteps ; "the present SIR systetfi, aiiQ its general Ized versioti 
discussed in (Chapter VI, are only first steps towaril a true ''uiiderstand- 
ing" macTiine . Eventually we must solve "the "advice-taker" problem (22), 
which: involves CDritrdlirig the operation of the machine merely by "advising" 
it, in a suitable English-like language, of the desired t)rocedures or 
results. 

One approach to the '*advice-taftet** is to develbp programs which 
can produce other programs in accordailce vd.th simple Instructions. 
Such ptogran writing pfograms could isie an outgroisrth oi^'ciirrettt work on 
computer language "compilers,^* if the input aiiid outpui: fbmis are suffl- 
cieilttly well-defined. Simon (3i9) is working on tHis approach by de- 
veloping a system which accepts a broad r^ge of l^nglish statements as 
input to such a program-writing program. 

SIR suggests an alternative approach. Rather Ihan developing a 
program which writes other programs to do specified tasks, I propose 
we develop a single , general program wliich c^ ib sir^ 

the prograim is properly controlled by information in tfcs model, '"diving 
advice" would then require only tlie relatively simple process of in- 
serting approjpriate control information into the modfel. The SIR moiiel 
provides its programs with information at>out the' truth" of particular re- 
lations between specific objects. ISie model in the generalized system 
also prbvides the "theoreto-prover" 'prbgr«n with axiOTis yhith describe 
properties of relations and interactions between retJatibns. ^e next 
genejTJS^li^fatiim should i,|wolv^]^ki^gJ^ jtijfQ|rnij5^-LQli #ijtcb ^'iW^^^ 
specify ahd control tfiepregm-prpvl^iV^j^i^^ fpr 

the program,, 
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After the above two approaches ta an "understanding" mchine^ have 
been developed independently, they shQHld i'?!^ ^Xnth^^zed. !I!,he p^oj^ram- 
writing program should be incorporated into the ge\iyeral prpgram o the, 
model -dependent system. The resulting system would then be able to con-, 
Struct arbitrary procedui^e specifications, in, accordance with single in- 
structions vghich had been placed in its model. 

Ultimately the "intelligent" machine will hpve. to be able to ab- 
stract from t^e information in its model, "realize" the necessity for 

additional action, and create the necessary instructions .for itself. 

'■'..■' J'-:.':i,- '^' -^i'-^ ■.u:A.io ^rB ;r:'T;,ujv>o ^i-iiiiiigoiq yrj'.j-sv.j rr-vey-i-: ;:'--■•; 

The design of such an "artificial Intel Itgenpe" awaits .the development of 
automatic concept formation and indue t iye, ,4^^®'®™?^ sxst^ejnis ,(^^0,41) as 
well as the generalizations of SIR described above.. , , 

C. Concerning Programming. 

1) Value of pro|i^ramminj^ ; Many of the results and conclusions 
written after the development of a large cpjaputer prpgram such as SIR 

frequently appear as if they could have l^een established without the 

-0.:: , f-r .,'/■'■: ^:;-,;: ' '■ ■;:■:!.■!.= ■? jf; > .Ino i-'x tupQ't nsrJ '■ i ;:■>./ ^■■.,>iv',.:"i 

tedious effort of programming. This is rarely true, and in fact, new 
systems v^ich are described, as complete "except for the programming*!* 
usually require fundamental modificat^ns if anjfi whjan, they are trans la.ted 
into operating prpgrams. The reasons fqf the in^ortaipc^f of^ act^lly writ- 
ing the program include the following.: 

a) Without a program it is extremely difficult, to te^ll Aether the, 

spebtf itattbnr ft>r"-^-¥y^tetf mW^'^iiijP^ 

decisions m^y be considered minor details., and contradlptlons may go un- 

notiiifed,"^uiitti- one ■& Wism^ ^ mi^W^i^Sl^aS Vykfe '^^^■'^^^^:^^^^ 

b) The process of programming not only turns up fallacies in the 'iipe'^i- 
fications for a system, but also generally suggests ways for avoiding 
them and improving the system. Thus prograoming c«i be much more valu- 
able than just searching for errors in the original specification. A 



■<"-'¥'Sf'tlff^ ■ 
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COTjpieted "debugged" prograimned system usually turns out to be a conqiro- 
mise bftj^yffu |faf,.§yfte»,as it v§s g??lgii|»lly. «(Bf«if4fdaifj§ f|,m8i|irisyfte» 
\^icfa was more feasible to actually construct, and a swre elaborate sys- 
tem whose new features, iii^|r?£b^ugfe^,9| 3 4«r4»g g^e^ffegiiPHiii?giBS€»^€||i. ,r 
This resulting system is frequently as useful and certainly more reliable 
than the originally specified system, and in addition it may suggest the 
design of even more advanced systems. With SIR, for exas^le, methods for 
iwplemn%imi:jt^n "it?^geB|!l.ffl:lps|ngi.t>J^e''rffnd;B§feiwt|,9i30|fTi»^4gMJ.^|e8 , 
arose from the design of the basic queat ion- answerer, incl the specifica- 
tions Jey5^f;g«^f?ilU«{dfyf|§«,,Qf Gb#ttff ip.3§reib|it«<iil«5gfl.jJo<?i| n99«^^ 
ties of the final, working SIR system. 

c) The programming process frequently turns up insights ^ich might not 
otherwi9^,:he|^i§q9y§rpd;(»f(f for ejtpq?Jk«.iP«Eag|^^ 

d) Wi.x\ai\ly,:,, t)^^ r«5syltingipipog^ap,Rroy44fs,,§t ,t^esi|i#ip§;.tis|f ;^ 

tion of the feasibility of the ideas upon friiich it is based, a measure 

of t^epPjrgcjijL^al^^jrjqf the #y»teiB 4n t«ii»f lof ;tjyiN?j«B^t^ai§wr6S»il««Plt^s] 

and an experimental device for testing variations in the original speci- 

ficatiiouff, r,,: ..:.,,:■;.--, ..:.:.<;fe '•-i-'AV , -.-i-3::U5;'.. •■;■;'■: •;/'.: ai bi^.w 



2> Unifowaitv rOf pepr ftReBtatiQa t A.imifoBB ;t.tc« Ui^aga, «n4 sft«t:«h; 
proqe4ure , woijtld ^^iBffiUf y c^qdt^g «B|4 allftw'thfe il^gvaaMer t^o eonteftiitTaee ; 
on the mqre i^goT||^t^,p^Qbl«iHS ,o|,|»r^fara ;<^^^ 

gies . , Su)<fh; a TStf»n!4ard i5^gi»«8enta,ti9n wmH Jfefv#itafrtlie£f|e36j,%ltoen<l«^ it© 
hancile the p^fjt 9qi|>L4c#t«d «a«ep. In S^f^, th«,;i»niiom W»e;q[f,<>nlfsg feypet 
3 14^3 or, a,;ii pijop«yty'jli»t^ «n(l;,<mly t-jam-t lii^« <j»i«W »afe7,pf^«rty- . 
list* vwuldijgi|abably achieve the d^sirecl't^tultroxAaiAltfffSsatftvle, ^«Wie- _ 
what more con^i«^e4, (but, m^i^e ecqn!fomiqtl,g(i| 8^t%Se\c!»9Ct i^ :4<ltet«v% .th^i 
same ifefult 9,^ frpfiijg theprqgfappBer itpmr03vti^j(n (^ i^t^ilMtti:^^ < 

to aiJ^w,seyjefr«^L k,ind»; ;of liin](feagea to b^e, u.ae4 ^li^^vf^vijtfe^y. ^r% 1»«Hii^ 
suited (Srfi.,*. t.3^|^l^,-2,r ai*d 7,3 I^i^Jm!) j::j-ib«*;'iJ?«>(quis^^ #A j^ie^JEJ-te^l \€l^r5 .^ 
grams to be.j^i^, tck^^cogni^^iei^i^ha t;ype,of (^ ^^;anKiij^|ief*t;i*^*^*^-*?^^-;»;-j;*-' 
efpipvqpili^^^l,y.. . hU:- :■ ■•^- ■"■:.■ ■' ::■■:■. t]-r. :.^ T-?3a;; ::: ,\U.-:i 

.,_ If t;h4-8 alt^|t:;pat4y;e,,-Pf, .allowing .:|hf.pU8%,:^Qj}^.^(f«j|.E^l5<ly?p»f, ^of-:lir^lt'^ 
«iges were u«3e4. 4ft istw S>enejr«lizQ4 sy ^ v 2 
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appropriate for particular relations could be stored in the model on the 
property* li St B 6f the relations. In e»18 Hby ihe--ty^^Hi€ntiii%M±6i!i 
would be *6idily SVaiiable CO the retirie*Ml'0dgfAii«.' - ^ ' ^ 

\:><:v I.' ■■<- ^yjc:i: -'Ir.- ■ .' :■ \_ . : -k v I .i 'T3n,v-'V . -: i .:■;■. J ;■■ c T.i i ; ! ur ■::-, elriT 

3) Proga*AtiMaintt gee -search ; In order t6-hatidl«i-'8d«e of "thtsre** -* ' ^ 

■^:r:<-q? ":'" bill:, : /-^n j.<;:: ,o . : :.-i..p „;;:'j-,J 'j!'.; lo n'ii^'ry y.ij a!~7t :^30j" , 

trfSval i)roeesfli(6s I Sad to develdi* -soib^ geinifal ferfeM^triiilng futicitlbns;' ' ■ 

The facility in the LISP language for defining functions of functional 

'":■.: ;■:. :'■ ; . .■^.- ': -i ■ w \ -> '■; '- j.- ->:';j v.jf! .losi'-j SS'T!-?;^ ;<; ;;■ ' ^ 'mnBi .jO-:! q jiii' :/. 

arguments permitted the design 6f4p*6|*«ms p^bvldfag 'i '^bWetfiil abf tity ' 
to afteclfy^eomplex seateh ijiroeedtiresi for ekaa^li^^ohfe^bf tfiei most^^fliS- ' 
fat fttttceiefiis was ^f laid [Statt; IftiRj^testl'V "^^Sierji »*8ta«^f^dari^be' anf ■ 
word in the model structure, "link" specifies \Aich attribute to uie to'' 
find succeeding words, and "test" is the name of a function to be applied 
in-t?utt» t© %adh werd l?edehabl«i fifoi "ae&a*£l-itfT>rtng3t&eigitfa-^a;"itiffi speci- 
fied ^by'^'?life**i>'4 ^>If ^««B.v«lJae of ^'t«dt« ap^lSed'^f© alwo«ffifs^'^!Wr-8p§ei«t''^'i 
syob^t *^IL/' the ««areh fee«t?tmiesl ol^ef^wlse tlM 'v^lue^'^f "*fi£^id* (atid 
the rtfoul-csof Che seareh> is 5**8t ttte valu^ oif '»e*s#i,*- '»»l'i«re8iil»t'%iay ' 
conttatli the vord "whicft 8actisfl«d t*e ^st and*^%e ^iiieideSi'f^l Jpirth^^'.^.-j*" 
the list qof' words ;#Hc* H«fc "statit^ tjo'lEfce'*€tec?tid wdtnf 'M ^he d^str«td 
way. Hi»te ehatsttw fan^ikLon ''ffa^' can 1« 6aiafcad^,' dl.ei^i'*3»cf^^ifc i^u^ ij^gifc ; 1 
another ■'appspicatioft. 'of ^•*f-lrtid" i-tsetf .■ >" ^li;g.-, sfa>;t^#fe*fti|'^^*e>elii«iiP-eV^r^% 'f-'" 
is p*rt 'O-f -'sonie 'I,' we^i^y wl^to'test ^li*Re«H«t-£e^ ir^iP^l^aifr' u-'tfiftSt -''^^- 
that ev#ry A i» a a artd-e'veTy u t* part^ «f »«!y§ jfi. - T:K1i9 tie*^^ ' 

out sttt^EylS^y ekee\itlng t«e following (futtt;^^ fttvenf'tiilS^ metia^^ L-hit; 
language iiibtatt<«i>j and testing i^ethe* it*' Valtief 4* -•'liflt'' olr^tfoti !&:: 

find [A; SUPERSET; \[[u][flnd [u; SUPERPART-OF-EACH; 'KW^lt'^^il WW\ - 
If ^ unifotto i^presfetrtation (arife*(irl1Sed'lri'pa^^ tfblbW )^ad 

been used thrchlglrotEt SIR, then it would have bei«* ««^ aeb* dl»v4%ti^ a ci' 
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cwpl^te s^t of genetal network- tracing functions lil^e " find:" Such a 
set of functions could be the basis for a language «hich mkes progratmning 
tree- and network- searching systems much siopler l^sr ft Is now: Such a 
language might thus contribute to research in the areas of pattern recogni- 
tion, game-playing <36). and network analysis as well as semantics and in- 
formation retrieval . Note that the success' ot'failure of an application 
of "the function "find" depends only on the ^connectivity of the network; 
the order in v^tch nodes are generated and tested, and therefore the 
efficiency of the system for various kinds of ' networks , must be decided 
in advance and built into the definition of the function. 

4) PT-rvf ^r«m simplification : The "procedures" presented in section 

V.A-^lch were described as "rough flow charts" for £he retrieval P^^^^^ 

„«y seem unnecessarily complicated. This'is true for the following reas^s 

«-> Each procedure was written as an explanation of how a particular pxo- 

sScSre was de-emphaslzed to avoid confusion. There is must ^«^if 

gram than is indicated in those procedures . 

b) As with most programming tasks; many po^^^^^ /^^^^^^^fZJTZr- 
to the programmer as after thoughts. If I started over ^. |.^4kC^^ . 
tainly construct a neater, more compact SIR system - V^f]l^ \^^. 
corparating some of the ideas discussed in paragraphs 2 and 3 ^^^^^ »°" 
ev2! I w^ld be more inclined to ignore SIR altogether and Instead Start 
pi:o(graiwilng..the geneiralize4-,s»$|t«n^J£.i0»!«>t^' ^-i/^J-a;-, "ii-' '^i;^.-- ^-^ 

r^ unfortunately, many of the "single" r.e«|S<mi«g, pT^f^^mm, S^ Riogrwft, 
^ist^SroSh realty M£ complicSed. It was surprising Jo me howmany 
possible routes one may t^^ to 4«dw^.^ ^^ng^^af^t ;^i^«^ A ,1^ I><^ ^t . 






«. ^tt^ ■> K- V'a- " ■*- •^ik<J:^-'iH>S' 
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D. Subjects for Future Experiments. 

1) Search procedures ; The relative merits of different tree- 
searching procedures should be investigated, since any device which signifi- 
cantly reduced search effort would be a valuable contribution to the 
practicality of SIR-like systems. In seeking a path between two nodes, 
for example, one might compare the procedure of moving one ply from each 
end, alternately, and looking for a coimnon node, with the procedure of 
continually branching out from one node, searching for the other. Even 
this latter procedure can be performed in either a "breadth first" or a 
more naturally recursive "depth first" manner. While the first procedure 
mentioned above cuts the effective depth of a successful search in half> 
it also introduces matching projslems'in order to recognize success, and 
makes it more difficult to discover the cooq>lete successful path. Which 
of the various procedures is "best" will depend on the size of the networks, 
the ««t«t*1fe freqttfettey «f"afudfete§*9 fchtf^t^ri^ 1^ 

etc . lhe*«^f ore the best way to detcrtali(tts''tA^ A)ftf'eJpflc£e^ is 
to experiment on an operating system, preferably with respect to a par- 
tie!tftar-p*<Sfelem at«a.- ' " ■' '" ' ■ •• fi-i----'"' ■i-'i. as ^ ■);,-•:.-■.-: •^'■■-^: 



2 ) Linkage structure : We Optimofai ' Wi*ib«T -"df 'tlje^fltirlt: lltifei nfeetfed ^ 
shottM W iWveffttg*t*tf. ; Oweftertght ext>e<t¥ a tii^^-^^ff ^ier6 'biEh^eii a^ ^ ' 
and^lia*;i t^L, tWtt a r*tnovatl; fcff fieAiiwIitft 'Irirflc^,- 1<<5^ fii?6tittc^ by ,/ ; 
"streamlining" operations, should save storage at the expense of increas- 
ing the average question-answering time, v^ile introducing redundant 
links, for instance by adding as explicit links all quest ion- answers which 
are successfully obtained, should use up space but speed up the question- 
answering process. However, this trade off is not strictly necessary. 



^ ;«.*■«.> 'SgSlv?'«*SK«- " ■* 



mi 

they use titne by requlrtiig spUtlois-^lrM'^Sf ghe^iiMtwO^-^'tS^tie-iWifahia^^ 
Which redundant links to weed out , as well as which search procedure to 

ti^ialW'-ippiiiiatlbn-'&t^^itist-'fee-dfeteil^ ^'' ^ '''"'' 

At ^mi'StH'trie^^W'tm the cttfbliiteiay- M^ eidrift^it^'ganlinfe^^^Mtr 
thi'UirfStttiti&A it airfeidr*»*S sio-tia^^Uef&i^^«ddiirift%^«ifew"^^a«i^^^*^ 
^^^AodMli ^-It M|hl^^fe4^'te6rfe"feffieifeai^trMliM^ iiicl^^^feiilh inpat'^'^ ^^^ 
"sstite&^e in<fepgtttieftti^. ih« tliei chllk the^xi^tfliSteae^^f t^^^SSieliftoA 
litae^to^ tlir-lar l^&efeh^Hhput^'^nteaS%i;^*«&^*ffiimg«H*'^limieiS-^ ^^j 
atibiir^ ■■ ■ -^' tti«^ j>*t)eeattre' ' ^il d" ii^'* Ut^ 
with earlier inputs, which Mgfet fe S^prif^^i^tf^att^PAeffi^lbir iod^^ii^^^ 

plications. 
'^^""S)' ^^iguit£M!I^^M£:^ 'A^i^fer*i,ai^lfei^lt^ci«iltf^W^^effl*4 

a-^basi^^^ %'mAr^^i^m^'i^'^^^^s^^^' ^m^to#i%^ii^h«at^W'ife 

se6tioii%«8hoW4^ih^'MR fcafi *%ii)i^e i& lifeli^W'^«>trtte*iii^^«i^'fehi '^^ 

be abli to' r«skW iifelgt]K,iii^setttiiu:e^ i l^fei^^^tftt^M^P 

ings (or, more precisely, the contents of the propertf^tii'ti^'^o'rthfe^ - '" 
words in the sentence. Thus the system could be as effective as people 
in recognizing the structural difference between sentences like, 

"Bring me the bottle of milk vftiich is sour," and 

"Bring me the bottle of milk which is cracked." 
Such a study might contribute to our knowledge of the use of language 
and how people resolve ambiguities. It could investigate how much 
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solving ambi^ij^^if 3,.^y^5||8, |h^|,„ f^ ,f y Pl^m^ gM*%^f '^#9.^?s SlF^llff «?4!^". 

S^OfcfrrfFSPa #f89fl}a|.^fbW|th,^^9b^gg|^,by ^/pf bi?|j f ,e. "f f^Mk^fff^f ." ; °lr! 
the objg^^, perhaj?? 15)^ 9^,Cf;rry ,tl?lj||an^9g3f^|j»r5^eyjj^5^ ^#y th^g.^^^iBgc? 

the rti»rfS§9$atfoiL^j|j»^.f«^9i^4at|gnf,9|„^tf.^,^fh4g,^|p^^^ 

Psychologists have simulated on a coiq>uter huiaan problem- s^^^jL^ji.^]^- 
havior (28) and the process of memorizing nonsense syllables (14). Per- 

v^ImH.^ i i#a|:r Iff i?p;h,,xim?^9y^^, P^-^minh ^v^j^0ms^mf^^9^x *^.'*'p*p ; j. - 

cogni|iV€^PFP?f?P»?1,.c,nv on- -ir -r.J.oa ..n^ , ^ i9.= i.)...; . 9-10^- .to,) ^sni 

s-'u-^ ,;;;'C:' ^j , ■:i.:.i;iw ;i ' is' io -.vl^joc o.ij ■ - : ..fnl-ifi" 
■'..,-■-.,£':. 3 . ."'...-ii'i; .:•).; ;.rii 1^) :":i1;;od ..>'i:3 SRf sn.tid^' 
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Appendix I: Notation 

The purpose of this section is to present soh^ of the formal 
logical termiAology ucfd in !tl?i,p p^eg^iojn.febe jfatitowttig ItstV feUe 
use <^^ari(^^,^yaik9U wjLU ^e ^^J^imie4Mim^^lMc;Oij&^finiIti(miy9 . CL 
examines,;/ qr,^%^f*9wmt 8, <;►£,, intein?fe*'«t 4^ , i .,,<,; -.^-^ -v)i .^C 



and so forth. 
A,B,P, ,;.. o, .i»eta-a3nabosl%-ftt»iJi#9ft i^jc i4W» l««^lal .flDn«ula»i ^3 

•-A —^ .^...--...,^ ,.j~_--j-j^-^..™.^ , ...-..,- _^^ 

AaB a and B (are both true). 

A:»B r Implies B. a-; 

AOB A if and only if B. 

o^€x a is a member of the set x. 

°'«^ fa xl.;ioQL^i8.i»ftfc«.ai»*e;ji,<S&i^^.iw^:x,. -. 

x=y X and ^ are the s«aoe object or set. 

(Vx) universal quant ifiej:j.riP; vM TiK 77 , i ,• ^ 

(Vx)A A is true for all values of x. 

CJxy existentipi, qpap^if|.^r,qq . :, .-n . 5^...::=^ ./oon^j/ 

Ox)A . there exists an x such that A is true? ~ 

Ca.g^;': .^^ $l»fi:9y^r»<itP«4r.«jfT$|ilIobJe^t»,„|M»4.:..i i;;.jr ; - i 

"^^ equals by definition; is defined to be. . 'i , 



fi;' ,^«r 



3t 



Ifi 



B. Subordinate Proof Derivation. I.;/ 

j,WSubord^na^s,,BIf9f'' ;4ffi« pe^:¥<H| fgc^roytug logiajiioaeduetiongitii th«^ 

.'-^'U .Y.n ,.7:5 ;3f;b n'-V'-eil ."^.W 
formulation outlined here is due to Prof. Hartley Rogers. Jr. It is 

Similar to the system of "generai^^£iife#in<I^ diai^^d by -Suppw-i^) . 



. lil 3Yi SiSfi _, 1 :.•">,;!:. :i; ■; . : ;i J.A 



:vSS!*Vrr^;:.>-. 
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j^^ , j,oitic«i ;- SUbbi-idliiatie Yr66tT>&£^altiimo^'^ai<ymuiXa% from '^finite , 
possibly e^ty , 8,et pf ,f qrmuLas Ct "4f ,. , , ^ 

an arlangeaietif ^6^f 'fS^m^f^B'itJ^rooiWS^M^'BMatyinS, "the' coi&iti^ns: 

1) The fit'at' It lltt^^'^ i:k¥'--dfetiv^ic«l'^c<^iirft!''o^'itl^'%CT^ of gf.'^"' 

2) Given n lines of the derivation ,'i^tieiw; itne may' consisr of' any " 
formula \^atever, if a new long bracket is beeun to .the left, Af that 
fonsula inside all elxTisTing biTackets no^ previously terminated. 



ibtf:'"' Iti a SulTOraiilMte*'tro''ot*WriWtlion," llW'*^^_0'-talie.<3',a^^ 
r of line if if j <^ and line j_ occurs inside no IWg brackets "' 



■ ; u ! uO 



Definit 

ancestor 

other than. those containing line /. 

3) (SS^k If littesf of a derivation, ^ 'n*4^ liSie 'vB&y consVist of a ^^^' 
la A (without a new long bracket) if 

i) ^ is a known true theorem^ 

ii) A is i&iplled, in the prppbsi^lcnul caTculus~, by any set of 
foritfulas in ancestor lines to the irfi ^tpe',^ or r , ^ 

iil^^^ ckn' be obtained £rom a forn^l^ ^^Vj^" iw^esjfpr %itie K^ an , 
allowabre' use of the method' of" tjs7" W?,./ii^,?.4&,^ li', pr t2^. 

ItefiTliitions: Let A be any JEbiinula',^ iin<l l^t JJt .and B, be, teiirms, 
A- =df the formula obtained from A "by substituting |[ "i^or every" free 
ofeurren^^a in^ i.^, fprp^^^^^f^^ f^i>«^ m^ iMf 
scope or a «itiafttllier containing g[. 



US *df Universal Specification, by v*iich (va)A becomes A-. 

UG ^^'Bnlv^sil'^^ine^aikto^s y^^m^wmmdlt (S^h)t^ 

ES -^f Existential Specification, by i^ich (3Qe)A becomes A 



I:.-i t=/h 



EG -df f feiM6titial' e^i^lisitlS«li-^%it*^r fe^&eW^'^tflf 4"'''' ''" ^ ' 
:; II »df A rule which allows insertion of a foranila at the fonara^. 

I2e»df'-A^*Al«nby-:whiill'>'4<**0^A/^t4id|otolBJ^4R^ ad:' al esCd&.r;../ :. - t 

Cettain conditions restrict the allowable usage of most of these quan- 
tifier transformation methods. These ccmditions, ^iell°^^Mifte'''to' ' 
conflicts between variable interpretations and dependencies between 
constan08i!«te; t0Oo4nir»-lvad; toipyfeslnl: io tM«:!^iAltne > ■ " ■ » i>-«- 

4^j^An innermos*? :iomgf>brftcket,iWiyi&«:; «Brw4ni*«A «tj<Md.iaatlttM«^! tbti 
Ii line if we write as the n+l^'^ line [Aa>C} »*«re A and C are, respec- 
tively, the first and last formulas in the long bracket in qis«»tloii«nni 

5) An Innermost long bracket may be terminated at the n*-" line if that 
bracket begins with a formula '^A and has for its last two lines C and 
-"C, for some formula C, if we write A as the n+1^^ line. (-' Xi (^ 

6) The last line has no long brackets and is the formaOl^^B-. -3. a Tk 

^ain Theorem (given here without proof) ; If there is a Subordinate 
proof Derivation of B from CL, then B is quant if icationally 
deducible from ^ . 
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Appendix II: Derivations of SIR Reduction. P^rocedures . 
Each of the 23 deduction proce<!ijr«T^ Tisteid tn Table, b. is a " 
thepirem of the SIRl formal, system. , ^e.p^^ B^resgnted bfilo|W, ,.;j 

generally consist of four statements: 
i) '1?he SIR deduction procedu're^^; as^ V ' "' 

ii) A correspond ijng SIRl wfi, obtained through. , use of the corre- 
spondences of Tabie c« 

iii) The quant if icational calculus s'tiatement obtained from the' 
VX»B« . , , 






i\ 



iv) The outline of a Subordinate Prpp^jferJLyatlpnt^ " 

ment in 'iii). -TheBe plcb^t8'jitp^i^Vl^^*^,%i'kbLe, senf^e!, t|[at /t' . -, ',,'t,,, 
occasionally seyeral stfeps are' copb^n^' Into ^neV l^ni^ nimbeFJS #r/B. ' 
used as^iifeta^8ymbl^rt^-%t{«|Kf^i|j/i:^!p '^iB^^': , 

rules of inferetiice iiutkai8'\jbire8'|on'en8'»^are us"^ i^en cotwenlenfcT 
However, enough detail, and e^cplanation, is nresented sp that cpnm.J.et^ t 
formal "SPBf^^B^^ tap' >^m ^er y&t^^Wdmri. ""-' ^ "^^^^^^a 

^e 'aitiotoS ofSlRi'", "atf'"|lveh'in^Tjp1)le|d.^>ii|:-i^8^^ 
definitions^, a^e. i?>^ixwitt<:e^' ^n .j,y 

theorem*!, i^^vef',,i^i?e;iisary^ , l'.^^ 

free variables in the initial an4J|.|i«ii9|«fc4DWiitfr in the iolioiring; ^ 

proofs., is WSUped., ;:., ^ ',..•.::, r.- -■■:!' .,:. ./. -.^ ••.;.: : 

In some cases* the: prppf s of SIR- deduction proceduires follow ~ -o:' 

iBBBedlptely from SIRl axioiM; oar dtflskittoni, Bd thae >^'S?D»^i*" are ,C ' 

unneee»a«ry. ;,.,;.: .. '.,. . .■■.;:.; 

Cp^) [a£x=»a€yl/\ (Va) [a^y^cat^z] 4 (Va) [a(x4a(z] 



149 



1. 


(Va) [aex ^aey] /v (Va) [aty^a^z 


2. 


ptxr^pey 


3. 


pey^pez 


4. 




P6x 


5. 




p€y 


6. 




p^z 


7. 


Pfx^P^z 


8. 


_(VQ:)[a6x^Q;^z] 


1 


.^8. qed. 



USl (by US in line 1) 
USl 

4,2 
5,3 

UG7 



2) 


x=y :^xc y 


x=y=^(\/afx)[afy] 


x=y:=^(Va) [afx=^afy] 


1. 


x=y 


2. 


~'(Va) [afxs^ccfy] 


3. 


(3a)'-'[a6x:^aey] 


4. 


-[pfxzj^pfy] 


5, 


P6xA~Pey 


6. 


Pfy 


7. 


_'^P6y 


8. 


(Va)[a6x^afy] 


1. 


=^8. qed. 



2 
ES3 

12-1,5 
5 



3) equiv[x;y]=^xCy 
x=y=^(\7'afx)[afy] 



same as 2), 



4) afxAxCy=^afy 
afx A (v Pe'x) [?€y]^Gt€y 
af X A ( v^ P ) [ Pf X =» Pf y ] ^ aCy 



a^xr^afy 
La£y 



1. =»3, 



qed, 



USl 
1,3 



5) rT'Cequiv) 



axiom. 



V^Htir^ «*-~ 



-«- ^^^„ ■*-M*w,* 



6) ^(equiv) 



-3^' 



7) -A(equiv) 
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^v^rKrVi 



axiom. 



axiom. 



•/ i 8. C- y ;> ;y i 



.6 



^"'«t: V 'X 



8) <^owng[x;x] 

«|'(Vafx) Gpf x) townb [a; p ] ] 

^(ownlj) axiom. 



9) owng[x;y]A2Cy=*owng[x;z] 

(^«ry)(3a6'x)[ownb[a;p]]^(>/a62)[aey]s»(^pfz)(jafx>'t^^^|$11 I ! 

(VW[pfy^(3a)[afxAownb[a;p]]]/v(va)lafe#afy] ^^^^ I 

«^(vp)[pfz«*(3a)[aex/Nownb[a;p]]] ^ "^J i 



' ■/■■% 


^ ■ 


.■•: -■:''vf)%^v-^-y' 


! •"-*'■ V^ 






[^Bc^>, 


>. : ^ 


( ''V )'"-- n 


i_V;. t' 


,s 


]-(>:.£) 1 



1. 

2. 
3. 

4. 
5. 



(VP) Ipf y s^Qa) [Q!fxAownb[a;p] ] ] a (V a) lafzi^afy] P 

Yfy»>(3a)[afxxvownb[a;Y]] USl 

Yfz»>Y€y USl 

Yfz"i^(3a)[ca(fxAOwnb[a;Y]] 3 2 

L(*'P)tpfz=»(aci!)[afx/\ownb[a;p]]] \0; " i .xjvi^g^ 

l.=^5. qed. 



10) owng[x;y]AxCzz:»owng[z;y] 

(vpfy) Qafx) [ownb[a;p] ] a (v Ofx) [afzja^ (VPfy) (Jafz) [p^bta;pl] 

( V p ) [ pf y ^ Oa) [af x Aownb [a ; p ] ] ] ^ ( V a) [Of x i^o^z ] 

=»('»'?) [pfy=^(id!) [of ZAOwnb((a;p]]] ^^ <=! "^^ ^-Of^i(B v; 



f^- 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 



( V P ) [ pf y :» Ga) [of X A ownb [a ; p 1 1 ] A. (V a) [of x :*bpfer!l^ -< "^^i ' '^^ ^ ^ / ^^ ^^ ' i 
Ve^Xaa) [Of X A ownb [a; y] ] '^^. ^ <5=tM' ! 

■^y -'J J 

(3a)[ci#XAOwnb[a;Y]] -^^^P 

HfXAOwnbIn;Y] 

|i6xa^^€z 

Hfz AOwnb[n;Y] 
Qa) [af z A ownb [a ; Y ] ] 
3.s^8. 

10. L<^P>[Pfy=>(3a)fafxAow«b^>p]]] 
1.=T^10. qed. 



ES4 
USl 



■ ^TM^ ' 
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(3a) [of X Aownl^to;;;;] ] a (Va) (o^Xi#afEi#,<^3) ta^ilA <»n\bl«;y] 1 



(3|c|>|Cafx/sownb(a;y3 ] a (y a) [c«fx^a#»] 
W^>S<ownbI^;y] 



1. J 

2. 

3. 

4. 

5. []6l^^ci(fzAOwnb{a;y]3 



\'i 



PtsK;^ownb{#;yj 



"em \ 



Q%^-- 



■ ; j-:i ,1 >}i!ifci \^-?.\ ., 



12) owng{x;y]/^?fy4ownIx;z] 
<vp€y) Qo^x) toimbCa;P3 ] A«fy#(|afx> Co*mblajEl J 

3. lj3o)(c3((xAownbCa;z]] 
1.5;^3. qed. 



UfSl 
1,2 



13), rvRarteU;??] 

My'Ctfx) (3#f x) Ipartblajp] 3 
^li^b) 






[ \'''ti<P^ '^ 3' ; M 3 \'' ; , , X ^-Z i 



axiom. 



14) ifaTtg[x:y]/»^zCy^P«tg[x;?] ,^ 

(V #y!l (lofx) [partbtaj^lf ACy^a^s^f^^i^ffWya^ 
Proof is the same as proef of (9), with "ownb" replaced by "partb." 






15) part[x;y}y,^xCz-^a*t;rz;5^; ;:Vf r;;*"^ 
(3afx)CpartbIa;y3]/^ (yQ^x)laf?]3^aQf 4|»nM?x*?^U .,. 

Broof is'1:W^Maye'"«s-^ti>o^bf '(rfy i«^tAl^^fyUi*'^ify#feMfW ^*1*^ 



16) part{x;y]/i^partg{z;x]a^part(z;yl 



"^^^f^T^^**^'* -- 



(3af X) [ partb [a ; y ] J ^ ( V Pf x) Qa€z ) [ partb [a;^l,^Q9(£s^^Bijt|l?^-iy^ , . . 

Qa)[afxApartb[a;y]J^ (V p^[Ffxs»Ga)rarEAPartT)ta;pn] _ 

Yei*«^(3a)[a6zApartb[a;Y]] fv;8]cfnvoJ^rl • S' 




1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 



(^)faez A partb[a;Y] ] 

^'^'^tp) 

partb[n;Y] Apartb[Y;y]=^partbI^;y] 
|i«2 Apartb[|i;y] 
9. [j:3a)(ae2APartb[a;y]] EG8 

l.«#9. qed. 

17) partg[x;y] a zfy ^^p^rtfiSF ^ ^'^^"^^^^" "^^ ^ ^ ^'"^ "™"^ ^""^^"^^^ ^'^^^""^ 

Proof ^ the sa.e as proof of iuf^^i^^^^^;^^^^^ 

S. f ! [ i s ; e] dnwo a x 5»] (x:) 9 

Lemma 1 ; (Va) (V p) (V x) [singlelxJAOfXAPfx-^O^] 



. i 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 



Ilnglelx] AaCxAbCx , ,. , 

(3a)taCxA(VP){p€x^p-a]] yde¥.o¥ single ^ 



[ ; « ; rvl diisq] (x-^I^E) (x^y>- 



Yex/^(Vp)[p6x=»p-Y] 

a-Y 1,4'' 

bfx=^b=Y US3 

b-Y 1,6 
a»b 



9. l..=»8. ^^^x^SJ-isq'^zOs^^lY-xJsa-^T^'^'^Ciil 

18) right [x;y]5B^•^^ight[y;x] 

(3afx)(3P6y)[rightb[a;p]]A8ingle[x]A«iflftUiUaj„^s-\> .i o rr [ 

=^M( a y)( p x)[rightbla;PJJA8in2l2wTs%tMxf '^ ^ ' ^ 

: (3a) [ofx aQP) tP€yA ^l!^&\Kfl^f^'ffi$l^^=^5l^fb^^^ -^ d.. ,] (x^x^B 



;; S j ; ■i;.'j'?;n;| ji'sjyi:c 6t|'^[v;x I nsq 



(di 
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1. f(3a)[aexA(3^)lP€yArightb[a;p]]3 AsingleMA*li»8l«tyr 

2. YexAap)[P6yArlghtblYiP]] J^l 

3. tifyArightblY;^]. . 

4. fGa) lo^y A(3^H$tfx A rl«h^bta;p3 ] I 

5. w€yA(iP)iPfx,Ari«htb{w;pl] . . IK 

6. ■ Hy^ ^ri$:|^thW'M' '■- ■ " " ' ' : .;...,,.. , . £S5^ • 

7. «inglelx1=Xlf^A?^^'^ tJS-L«tia 

8. Y*>^ l'?f^'' 

9. .?^ngle{y3Aia€yAW€ys»H-w ; " '. ! ^ ^^- ,^i^f":' 

U. Mghtb{\;c.] ,, . ./. ,/ ,;y?l?^»0'?2 

12. ' • if(rightb) - • "^^\ :■:,:;;:;? .:':- ■■:.:■ .,.^1°* ';■ 

13. Ytghtb{X;w]3^-^lghtbIu);\l ,, .. ^ :^"J^ ^ 

14. ■'<>rightblw;\] 11»13 

15. tiightb[co;K] ^ ;,. 

16. ~'4, ^ . ., . , .,.-,,,:,. . : ,i.', ■ 

17. [j<H;4. A singlely] /v,single[x]] Itt . 
l.=»17. qed. 



19) ^(right) , . ,^ ^^^ , , 3 . 

(3afx)GPfy)[rlghj:blo!;p]] A(3a€y){3|fa)trightbla;P} J a 8ingle{xl 

Asinglelyj /[illi^Vt^l ,., ; ' :, , / ' ::. ^'^ ^ V'': - ,;; ' ■■, = ;./"'■ ''\Z. 

(3a)[aex A^?)tP^A'^igljtb[a;plll^%^ldSb^ 

Aslnklfetk1/s:tt«igtfery!/vki:ftgl«»fz! ''^ ,,......,> ■ ^ . 

=^(3a)l»e?:A(||'>{^2Vvrigl^tb[q!j^]JJAsinp 

Qa) [ct6x /v.3P)ip€y Arightb[a.;p] IJAfa'^Io^y A CfP)ilf^A>i^ 

^singlety] 
yexA|3P)tP€y;Arijghtb[Y;p] . . S 

u^yA*ig^tbtv;iii^" ' • '^y ,"::-... :^ 

'*)iyA(3P>tPf2;An|ihtb[u);p]] BSl 

\?y^rightbfu)ip1 -^^ " ■- ES4 

single[y]A^fyAw€ya^M.'=<^ yr^f"*;- 

^aoJ 1,3,4.6- 

rightb[Y;oj] 3,7,12 

(^(rightb) Axiom 

rightb[Y;wl^rightb[ijj;\]3^rightblY;X.3 : , .. ■ H^^ 

\e2/yrightb[Y;>w] ,, - ;^&,5,10 

(3P)[PezArightb[Y;Pj] . EGll . 

YfXAl2. <• '^ 2,12 

1^- ii3a)[afxA(?P)iPfzArightb[a;p]]] - . ,.^^^3 , 

15. l.:^14. "•' '■ "■' 

1. Asingle[x} ^ single [z] 3^14. /^ single [xJyN^single[z} <^' 15 



1. 

2. 

3. 

4. 

5, 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 



•- * 
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(3afK5(3P6y)Ijrightb[a;p]] Asingle[x] ASii4'l'eIyt ' [ ' ':'V- 



"I A <' ■* ■. 



ooSl^x aqp) [pey ^jrightbia;p] ] ] a sikglwiy^A^kr^Xelfg!,:;^; "\ 

J : ^Qa) [ci«x A (3 P ) [ PO A r Ightb [a ; p ] J ] AMPi^.^'U #1^ 



3- ^ • 
5/ S ^ 



I. 
2, 
3. 



(3git)[c€xA(3P)[peyAJrightb[a;p]]] 
.Yeik(3P)lP€yAjrightb[Y;P]] .^ . , . ^gj 

^i«v>^jrtghtb[Y;^] , . S5P ' 

4. [,5yx)(Vy)tjrightb[x;y]a^rightb[x;y]] \ _ ^xlotn 

5. " " ' " 

6. 
7. 
8. 
9. 



:; i. 



jVightb[Y;n]#rightb[Y;n] i , ] r=r^M x- 1^:=^ : i T ■ ^4 , 

ti6yjArightb[Y;n] f ^ ; 3,5 I 

'(3P)[P6yArightb[Y;p]] / ; ^g4 i 

YfxA7. ' 2^t| 
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a. SET-INCLUSION 



(THE NtXT SENTENCE IS . .1 

<EVEKr KEVPUNCH-WEKATQR IS * CIKLI 

■THE FUNCTION USED IS . .1 

SETK-SELCCr 

IIGEHfKIC . KEVruNCH-OPEMTUKI (GENERIC . CIKLII 

(THE »Enr . .1 r ■ 

(THE SUt-FUNCTION USED IS . .1 

SEIK 

IKEfPJNCH-UPEKATIM tilRLI 

(IIS mn.y . .1 ^ >• 

(I UNOCdSTAND THE SUTERSET RELtTlUN tETHEEN (>l«i RNO KETrUNCH-AttRRTatl) 
(I UNOERS^MO THE StMSET RILRTION CETaEEN KtrruMCH>Dri«*nM U^ ^IRLI 

(THE NEXT SENTENCE IS . .1 ? 

lltNy GIRL- tt Ut EXRHrLE Of « PERSON) 

lIHt FUNCTION USED IS . .1 

SETR-SEIECT 

((GENERIC .GIRL) (GENERIC . PtRSONI) 

(THE REPLY . .1 

(THE SUB-f UNCTION USED IS . .) 

SEIR 

(i.lRL PERSdItI 

(ITS REPL* ', .1 

(I UNOERSf«H0 THE SUPERSET RELRTIUN MTlKEN PUtMM MO lURL) 

1 1 .llNOERSMK) THE SUISET (KIRTION tETMEEN 6IR4. MM) PCRMNI 

(ry NEXT StNTENCE IS . .1 

(IS * KEYMJ^H-OPERATOR « PERSON U) 

1 1ts "FUNCIIJBN USED IS a .1 
Sli^ft-SEUCt 
KI^IKRtC . REVPtiNCH-OMRRruttI tf^lERIC , fCRSuHII 
ITHfJEPtT . .1 

lIHt SUIt-fUfCriON USED: IS . .1 
5Er«8 



iKL«PuNCit<g»eli*raR psrIoNi 

4ITS«EPIY . <t 

»ts 



(THE NEXT SENTENCE IS . .) 

( 1 s A PERSON A PMSO* «) 

(IhE FUNCTION USED IS . .) 

SLTRtl- SELECT 

((GENERIC . PERSON) (GENERIC . PERSON!) 

(IHE REPLY . .1 

(IHE SU«-FUNCriUN USED IS . .) 

StIHU 

(PERSON PERSON) 

(ITS REPLY . .1 

YES 



(IHE NEXT SENTENCE IS . .) 
(IS A PERSON A GIRL 01 

(IHE FUNCTION USED IS . .1 

SLTRU-SELECI 

((GENERIC . PERSON) (GENERIC . 

(THE REPLY • •) 

(THE SUt-FUNCTION USED IS . .) 

SETRG 

(PERSON GIRL) 

(ITS REPLY . .) 

SONET INES 



(THE NEXT SENTENCE IS . •! 

(IS A HONKEV A KEVPUNCH-WERATOR S) 

(THE: FUNCTION USED IS . .1 

SETKfi-SfLECI __ 

KifNEIIC . WMKEY) (GENERIC . KEYPUNCM'HOPtRArtM) I 
' tjSt REPLY . .) 

(Trnt-suo-FUNcnoN usee i» . .) - 
stTug 

INMtEY KEYPUNCH-OPER«T0«4 
(IHCREPLY . .) 
(IMI^FICIINY INFORNATtONI 



APPENDIX m: FULL-RE8l>bNSC OUTPUT FOR FIGURE 5 
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( IHt <txr iENTtfiCfc IS . .1 

ItVtRY FIREM4N 0«NS A P AIK-OF-KED-SUSHENDtltS I 

I IHt FUNCIION USED IS . .1 

QuN-StLtCT 

(lOENERIC . CilR-af-RtO-SUSPtNDtRSl (GENERIC . FIRtM«N)l 

(TMt REPLY . .) 

ITHL SUa-EUNCTION USED IS . .1 

Ut.NK 

IHAlK-Of-RfcU-SUSPENDEKS FIRtMANI 

I 1 rs REPLY . . I 

(I UNOERSIA.MD THE PQSSESS-BY-EACH RELAtlDN BElKtE-l PA IR-OI^-RED-SUSPtNOEKS AND FIRtNAN) 

(I UNDERSTAND THE OHNED-BY-t ACH RELATION 6ETHEtN FIRENAN AND PA I R-OF-R tD-SUSPt NDEkS I 

( IHt MtXI SENTENCE IS . .1 

lUutS A PAIR-OF-RED-SUSPtNDERS OWN A PA 1 R-Ot-»ED-SUSPENDERS 01 

(THE FUNCTION USED IS . . I 

UrJNM-SELECI 

llbtNLRIC . PAIR-Of-RED-SUSPENDERSI (GENERIC . PA I R-QE-RED-SUSPENDERS 1 I 

I IHt REPLY . . I 

I IHt SUB-FUNCTION USED IS . .) 

OhNKU 

1 PAIR-OF-RED-SUSPtNDERS P A IR-Of -RtO-SUSPENDERS I 

I ITS REPLY . . I 

IHU •• THEY ARE THE SAME! 

I IHt NEXT SENTENCE IS . .1 

lUUtS A DUCTOR UKN A PA I R-UF-REU-SUSPENDERS Ql 

I IHt FUNCTION USED IS . . I 

OWNw-SfcLtCT 

IIGINERIC . PAIR-OF-RtD-SUSPtNDERSI (GENERIC . DQCmRI) 

I IHt REPLY . . ) 

(IHt SUB-FUNCTION USED IS . .1 

uv«NRg 

(P4IR-DF-RE0-SUSPENDERS DOCTORI 

( IIS REPLY . .1 
(INSUFFICIENT INFORMATION) 

I IHt NEXT SENTENCE IS . .) 
(A FlRECHltE IS A FIREMAN) 

( IHt FUNCTION USED IS . .) 

StTR-SELECT 

((i.tNERIC . FIRECHIEFI (GENERIC . FIREHANII 

( IHL REPLY . .) 

(THE SUB-FUNCTIUN USED IS . .) 

SEIR 

(FIRECHIEF FlREMANl 

( ITS REPLY . .) 

(I UNDERSTAND THE SUPERSET RliLATION bEIWEtN FIREMAN AND FIRECHIEF) 

II UNDERSIAND THE SUBSET RELATION BETWEEN FIRECHIEF AND FIREMAN) 

llllt NEXT SENTENCE IS . .1 

(DOES A FIRECHIEF OWN A PAl R-OF-RED-SUSPENDERS u) 

(IHt FUNCTION USED IS . .1 

OHNI.-SELECT 

((GENERIC . PAIR-OF-RtO-SUSPENDERS) IGENERIC . FUECHIEFII 

( THt REPLY . .) 

(IHt SUB-FUNCTION USED IS . .) 

OWNRU 

(PA I R-UF-RED- SUSPENDERS FIRECHIEF) 

( ITS REPLY • . I 

YtS 



d. OWNERSHIP, GENERAL 
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f. PART-WHOLE, GENERAL 
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(iHE nttt imitNCt IS . .1 

I* V*N-DTKC IS H*f or rERHtN) 

(IHt FUHCIION USEU IS . .1 

IICCNEmC . y*f«-DYKtl luNIUUk . WERStNll - ;» ■ 

iiHt Kcriv . .1 .-■---... -.J.".. 

ITHk SM-rUNCTIOM UStD IS . .1 

putmeu - " ; ' 

IVAM-BTKf FCMEN) ,'" ^ i*^ ,.'-'!' ' 

II W^STmS U* SU^IPMI Wlktitm »Cmn t-CMtll *M0 <*N-DTKtl 

lIHt NCXr SENTENCE IS . .) 

I* VAM-OVKE IS A tCMOl ^ 

IIHE FUNCTION USED IS . .) 

SETK-SEIECT 

(l&£NE«IC . tfMHDTKtl IliEttEHIi: . UMttM 

urn. Mf'-ij-i-^! ,.-.,.-..• .■■ -- 
am ^-|(iiitti«t,»Hi> « • !> 

IVM-OmE MMUII 

ll'u«Of«tf*io*TME SUPENSfT MLttlM »tH4t».i**«0 •^"•••T?!!!*' 
11 UNBHSTMIO TM* SUtStI «E».»TIW MTnUN »*IWIWt «M0 MAtOI 

I Tilt NEXT SENTENCE IS . .) 
IIS A MAM OAKT » FEKMEN Ul 

ITHE (-UNCTION USED IS . .1 

PAXTRO-SfLECT 

KCENCRIC . KAADI iUNIUUE . FElUICN)) 

ITHE REPLY . .1 

IIHE SUS-FUHCTIOM USED IS . .1 



PARTROM 
IStAKO FERRENI 
I ITS REM.* • •) 

vts - ■ 

ITHE NEXT SENTENCE IS . .1 
lA tm IS A OISTLAY-KVICEI 

ITHE REPLY . .1 

ITHE SIM-FUMCriUN USED IS . .> . w 

SETR 

ICKT OltTLAY-OEVICEl 

li'^HAil'tHE SUFERSET RELATION BtlWKH '"'2;''X:?i5'lfci^l^t?" 

ITHE NEXT SENTENCE IS . .1 

lA CRT IS 'PART OF THE FOf-l) ,< 

IIHE FUNCTION US^, ,1S .. '.) 

fHttiflMC . c«tj iswtrrtc . »op-iii 

ITHE REFLV . .) 

ITW SWR-FUNCTIOM USED IS . .1 

PARTR&S ,.u 

I CRT POP- 1) 

UTS REPLY . .1 > 

IMZMO IS A POP-ll 



II UHWaMAHO TMt 

II UNOMMAW THE —- ^ -- 

II MDCRSTANO THE SUPCRPART MLMtM 



ii UNBMiiAW THE $i«»i«T RIMU«IJ|^^t^jgg^« 




ITHE NCXT SENTENCE IS . .1 
ISA* IS THE POP-ll 

ITHE FUNCTION USEU IS . .1 
SETR-iELECT 

Mw»i«» ..^'.ipwiFie . fQP-iJj 

EUUIVl 

ISAM POP-l) . .' .J. 
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Biographical Note 
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sics from Rensselaer Polytechnic Institute in 1957, mad received an JSuS. 
degree in Applied Mathematics from Bro«m University in 1959. 

Mr. Raphael held several scholarships at RPI from 1953 to 1957, and 
the Universal Match Foundation fellowship at Bro«n Qai varsity In 1958. 
He received an NSF honorable mention and was elected to the Society of 
Sigma Xi in 1957. 

Mr. Raphael has been Interested in autooatic conqputation since 1959 
and has worked in that field for SGA, Moorestown, Mew Jersey; for Bolt, 
Beranek and Newman, Inc., Cambridge, Massachusetts; and for the RilffiB Cor- 
poration, Sant« tkmlca, Califomiaf for wbom he is presently a consultant. 
He taught at RAND suamer institutes for Ifeuxlstic P^^ranaing (1962) and 
Simulation of Cognitive Processes (1963), vai lactvacmd at UCLA, during the 
suamers of 1963 and 1964. Be has recmatly accepted an a|»polntment as As- 
sistant Research Scientist at the Center for Research in Management Science, 
University of California at Berkeley, effective Jui», 1964. 

His publications include: 
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